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PREFACE. 



The articles collected in this volume, like thoso 
formerly published under the title of " Methods 
of Study," were originally prepared from notes 
of extemporaneous lectures, and first appeared 
in the pages of the Atlantic Monthly. They still 
■ .retain somethijig of the familiarity iuduced by 
the personal relation of a lecturer to his audi- 
ence, BO different from the more distant oue of 
the author to bis reading p\iblic. They must 
indeed be considered as familiar talks on scien- 
i H&a subjects rather than as scientific papers. 

The three concluding chapters on Glaciers are 
I introduced with special reference to their geologi- 
cal significance, and will be followed in a future 
volume by a number of articles showing the 
I former extension of glaciers on this continent 
L as well as in Europe, and giving at some length 
I the history of their retreat. This wUl naturally 
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lead to a discussion of all the facts connected 
with the ice period, the erratic boulders, the 
drift, the formation of river systems, ancient lake 
and river terraces, — all the phenomena, in short, 
resulting from the former presence of such im- 
mense masses of ice and their subsequent disap- 
pearance. These questions have been chiefly 
studied on the European continent, where the 
broken character of the country, intersected in 
every direction by mountain chains, presents nu- 
merous centres of dispersion for glaciers. Owing 
to the extensive land surfaces on this continent, 

4 

the same set of facts presents quite a cfifferent 
aspect here and in the Old World ; and I hope 
that the facilities I have had for tracing the gla- 
cial phenomena in America may enable me to 
throw some new light on this subject. 

L. AGASSIZ. 
Cahbbidoe, November 29th, 1865. 
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JIIRST-BOEN among the Continents, though 

80 much later in culture and civilization than 

me of more recent birth, America, so far as her 

1 history is concerned, has been falsely de- 

inated the New World. Hers was the first dry 

jbd lifted out of the waters, hers the first shore 

i by the ocean that enveloped all the earth 

e ; and while E\irope was represented only 

F islands rising here and there above the sea, 

merica already stretched an unbi'oken line of 

i from Nova Scotia to the Far West.* 

1 the present state of our knowledge, our coii-- 

Bions respecting the beguining of the earth's- 

, the way in which it took form and shape- 

a distinct, separate planet, must, of course, he^ 

) and hypothetical. Yet the progress 

t would be iiiexpcdieiit to eaonmber these pasea with refi- ' 

all the authorities on which such geological roBulls 
They uro drawn from the Turious Stale Surveys, Incladinj 
It of the mineral lands of Lake Saperior, in which the mniy 
e Ajncrican Continent ia for the first time affirmed.^ e/^i 
iTD general works on Amcricin geology. 
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of science is so rapidly reconstructing the past 
that we may hope to solve even this problem; 
and to one who looks upon man's appearance 
upon the earth as the crowning work in a suc- 
cession of creative acts, all of which have had 
relation to his coming in the end, it will not 
seem strange that he should at last be allowed 
to understand a history which was but the intro- 
duction to his own existence. It is my belief 
that not only the fliture, but the past also, is the 
inheritance of man, and that we shall yet con- 
quer our lost birthright. 

Even now our knowledge carries us far enough 
to warrant the assertion that there was a time 
when our earth was in a state of igneous fusion, 
when no ocean bathed it and no atmosphere sur- 
rounded it, when no wind blew over it and no 
rain fell upon it, but an intense heat held all its 
materials in solution. In those days the rocks 
which are now the very bones and sinews of 
our mother Earth — her granites, her porphy- 
ries, her basalts, her syenites — were melted into 
a liquid mass. As I am writing for the unscien- 
tific reader, who may not be familiar with the 
facts through which thdse inferences have been 
reached, I will answer here a question which, 
were we talking together, he might naturally ask 
in a somewhat skeptical tone. How do you 
know that this state of things ever existed, and, 
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supposing that the solid materials of vbich oar 
earth consists were ever ii» a liquid condition, 
what right have you to infer that this conditioD 
was caused by the action of heat upon them ? 
I answer, Because it is acting upon them still ; 
because the earth we tread is but a thin crust 
floating on a liquid sea of molten materials; 
because the agencies that were at work then are 
at work now, and the present is the logical 
sequence of the past. From Artesian wells, from 
mines, Irom geysers, &oin hot springs, a mass 
of facts has been collected, proving incontestably 
the heated condition of all substances at a certain 
depth below the earth's surface; and if we need 
more positive evidence, we have it in the fieiy 
emptJons that even now bear fearful testimony to 
the molten ocean seething within the globe and 
forcing it^ way out from time to tiiDe. The 
modem progress of Geolt^y has led as by ■OC' 
cessive and perfectly connected steps bade to a 
time when what is now only an otxagkaaS and 
lare phenomenon was the normal cooditieni of 
oar earth ; when those internal Gres were en- 
closed in au envelop eo thin that it opposed bat 
little resistance to tb^ freqamt oatbreak, and 
_ ^1^ constantly forced themselves through tfau 
, pooling out melted mat2rials that sob- 
(tly oocded and otmiolidated oa hs mr&ca. 
I eoBEtaot were these erufAioos, and to dight 
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was the resistance they encountered, that some 
portions of the earlier rock-deposits are perfo- 
rated with numerous chimneys, narrow tunnels 
as it were, bored by the liquid masses that poured 
out through them and greatly modified their first 
condition. 

The question at once suggests itself. How was 
even this thin crust formed ? what should cause 
any solid envelope, however slight and filmy 
when compared to the whole bulk of the globe, 
to form upon the surface of such a liquid mass ? 
At this point of the investigation the geologist 
must appeal to the astronomer ; for in this vague 
and nebulous border-land, where the very rocks 
lose their outlines and flow into each other, 
not yet specialized into definite forms and sub- 
stances. — there the two sciences meet. Astron- 
omy shows us our planet thrown ofi" from the 
central mass of which it once formed a part, to 
move henceforth in an independent orbit of its 
own. That orbit, it tells us, passed through 
celestial spaces cold enough to chill this heated 
globe, and of course to consolidate it externally. 
We know, from the action of similar causes on a 
smaller scale and on comparatively insignificant 
objects immediately about us, what must have 
been the efiect of this cooling process upon the 
heated mass of the globe. All substances when 
heated occupy more space than they do when 
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I cold. Water, which expands when freezing, is 
I the only exception to tliis rule. The iirst effect 
of cooling the surface of our planet must have 
been to solidify it, and thus to form a film or 
crust over it. That crust would shrink as the 
cooling process went on ; in consequence of the 
shrinking, wrinkles and folds would arise upon 
_ it, and hero and there, whore the tension was too 
fc^t reat, cracks and fissures would be produced. 
^Rb proportion as tlie surface cooled, the masses 
' ■within would be affected by the cliange of tem- 
perature outside of them, and would consolidate 
internally also, the crust gradually thickening by 
this process, 

But there was another element without the 
globe, equally powerful in building it up. Fire 
and water wrought together in this work, if liot 
always harmoniously, at least with equal force 
and persistency. I have said that there was a 
time when no atmosphere surrounded the earth ; 
lot one of the first results of the cooling of its 
ist must have been the formation of an atmos- 
lliere, with all the phenomena connected with 
-the rising of vapors, their coudonsation into 
buds, the falling of rains, the gathering of 
i upon its surface. Water is a very active 
rent of destruction, but it works over again the 
feterials it pulls down or wears away, and builds 
, up anew in other forms. As soon as an 
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ocean washed over the consolidated crust of the 
globe, it would begin to abrade the surfaces upon 
which it moved, gradually loosening and detach- 
ing materials, to deposit them again as sand or 
mud or pebbles at its bottom in successive layers, 
one above another. Thus, in analyzing the crust 
of the globe, we find at once two kinds of rocks, 
the respective work of fire and water : the first 
poured out from the furnaces within, and cool- 
ing, as one may see any mass of metal cool that 
is poured out from a smelting-fumace to-day, 
in solid crystalline masses, without any division 
into separate layers or leaves ; and the latter in 
successive beds, one over another, the heavier 
materials below, the lighter above, or sometimes 
in alternate layers, as special causes may have 
determined successive deposits of lighter or heav- 
ier materials at some given spot. 

There were many well-fought battles between 
geologists before it was -understood that these 
two elements had been equally active in building 
up the crust of the earth. The ground was hotly 
contested by the disciples of the two geological 
schools, one of which held that the solid envelope 
of the earth was exclusively due to the influence 
of fire, while the other insisted that it had been 
accumulated wholly under the agency of water. 
This difierence of opinion grew up very natu- 
rally; for the great leaders of the two schools 
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. in different localities, and pursued their 
irestigatlons, over regions where tlie geological 
Bienomena were of an entirely opposite char- 
acter, — the one exhihitiiig the effect of volcanic 
eruptions, the other tliat of Etratificd deposits. 
It was the old story of the two knights on oppo- 
site sides of the shield, one swearing that it was 
made of gold, the otlicr that it was made of sil- 
ver, and almost tilling each other before they 
discovered that it waa made of both. So prone 
are men to hug their theories and shut their eyes 
to any antagonistic facts, that it is related of 
Werner, the great leader of the Aqueous school, 
that he was actually on his way to see a geo- 
logical locality of especial interest, but, being 
told that it confirmed the views of his opponents, 
he turned round and went home again, refusing 
to see what might force him to change his opin- 
ions. If the rocks did not confirm Iiie theory, bo 
much the worse for the rocks, — he would none 
of them. At last it was found that the two great 
chemists, fire and water, had worked together in 
the vast laboratory of the globe, and since then 
scientific men had decided to work together also ; 
and if they still have a passage at arms occasion- 
ijly over some doubtful pouit, yet the results of 
jbeir investigations are ever drawing them nearer 
! each other, — since men who study truth, 
ion they reach their goal, must always meet at 
it on common ground. 
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The rocks formed under the influence of heat 
are called, in geological language,, the Igneous, 
or, as some naturalists have named them, the 
Plutonic rocks, alluding to their fiery origin, 
while the others have been called Aqueous or 
Neptunic rocks, in reference to their origin imder 
the agency of water. A simpler term, however, 
quite as distinctive, and more descriptive of their 
structure, is that of the stratified and massive or 
unstratified rocks. We shall see hereafter how 
the relative position of these two classes of rocks 
and their action upon each other enable us to 
determine the chronology of the earth, to com- 
pare the age of her mountains, and, if we have no 
standard by which to estimate the positive dura- 
tion of her continents, to say at least which was 
the first-born among them, and how their char- 
acteristic features have been successively worked 
out. I am aware that many of these inferences, 
drawn from what is called " the geological rec- 
ord," must seem to be the work of the imagina- 
tion. In a certain sense this is true, — for imagi- 
nation, chastened by correct observation, is our 
best guide in the study of Nature. We are too 
apt to associate the exercise of this faculty with 
works of fiction, while it is in fact the keenest 
detective of truth. 

Besides the stratified and massive rocks, there 
is still a third set, produced by the contact of 
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two, and called, in consequence of the 
ingea thus brought about, the Motamorphic 
rocks. The effect of heat upon clay ia to bake 
it into slate ; limestone under the influence of 
heat becomes quick-lime, or, if subjected after- 
. wards to the action of water, it is changed to 
mortar ; sand under the same agency is changed 
to a coarse kind of glass. Suppose, then, that 
a volcanic eruption takes place in a region of the 
earth's surface where successive layers of lime- 
stone, of clay, and of sandstone have been previ- 
ously deposited by the action of water. K such 
an eruption has force enough to break through 
these bods, the hot, melted masses will pour out 
through the rent, flow over its edges, and fiU all 
the lesser cracks and fissures produced by such a 
_, disturbance. What will be the effect upon the 
ratified rocka ? Wherever these liquid masses, 
sited by a heat more intense than can be pro- 
tlteed by any artificial means, have flowed over 
a or cooled in immediate contact with them, 
He clays will bo changed to slate, tlio limestone 
t11 have assumed a character more like marble, 
while the sandstone will be vitrifiod. This is 
exactly what has been found to be the case, wher- 
ever the stratified rocks have been penetrated by 
the melted masses from beneath. They have 
been themselves partially melted by tlie contact, 
Old when they have cooled again, their stratifica- 
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tion, though still perceptihle, has been partly ob- 
literated, and their substance changed. Such 
effects maj often be traced in dikes, which are 
only the cracks in rocks filled by materials poured 
into them at some period of eruption when the 
melted masses within the earth were thrown put 
and flowed like water into any inequality or de- 
pression of the surface around. The walls enclos- 
ing such a dike are often found to be completely 
altered by contact with its burning contents, and 
to have assumed a character quite different from 
the rocks of which they make a part ; while the 
mass itself which fills the fissure shows by the 
character of its crystallization that it has cooled 
more quickly on the outside, where it meets the 
walls, than at the centre. 

The first two great classes of rocks, the im- 
stratified and stratified rocks, represent different 
epochs in the world's physical history : the for- 
mer mark its revolutions, while the latter chron- 
icle its periods of rest. All mountains and moun- 
tain-chains have been upheaved by great convul- 
sions of the globe, which rent asunder the surface 
of the earth, destroyed the animals and plants 
living upon it at the time, and were then suc- 
ceeded by long intervals of repose, when all 
things returned to their accustomed order, ocean 
and river deposited fresh beds in imiaterrupted 
succession, the accimiulation of materials went 



AMERICA THE OLD WORLD. 



11 



I before, a new set of animals and plants 
introduced, and a time of building up and 
renewing followed the time of destruction. These 
periods of revolution are naturally more difficult 
to decipher than the periods of rest; for Ihey 
torn and shattered the beds they up- 
id, disturbing them from their natural rela- 
Ions to each other, that it is not easy to rocon- 
Btruct the parts and give them coherence and 
completeness again. But within the last half- 
lantury this work has been accomplished in many 
■ts of the world with an amazhig degree of 
luracy, considering the disconnected character 
the phenomena to bo studied ; and I think I 
be able to convince my readers that the 
lem results of geological investigation are 
irfectly sound logical inferences from well-estab- 
lished facts. In this, as in so many other things, 
we aro but " children of a larger growth." Tba 
■Id is the geologist's groat puzzle-box ; he 
before it like the child to whom the sepa- 
eces of his puzzle remain a mystery till he 
their relation and sees where they fit, and 
bis fragments grow at once into a connected 
beneath his hand. 

a curious fact in the history of progress, 
T a kind of intuitive insight, the earlier 
'ers Beem to have had a wider, more com- 
ihensive recognition of natural phenomena as 
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a whole than their successors, who far excel 
them in their knowledge of special points, but 
often lose their grasp of broader relations in the 
more minute investigation of details. When geo- 
logists first turned their attention to the physical 
history of the earth, they saw at once certain 
great features which they took to be the skeleton 
and basis of the whole structure. They saw the 
great masses of granite forming the mountains 
and mountain-chains, with the stratified rocks 
resting against their slopes ; and they assumed 
that granite was the first primary agent, and that 
all stratified rocks must be of a later formation. 
Although this involved a partial error, as we 
shall see hereafter, when we trace the upheavals 
of granite even into comparatively modern peri- 
ods, yet it held an important geological truth 
also; for, though gi^anite formations are by no 
means limited to those early periods, they are 
nevertheless very characteristic of them, and are 
indeed the foundation-stones on which the phys- 
ical history of the globe is built. 

Starting from this landmark, the earlier geol- 
ogists divided the world's history into three peri- 
ods. As the historian recognizes as distinct 
phases in the growth of the human race Ancient 
History, the Middle Ages, and Modern History, 
so they distinguish between what they call the 
Primary period, when, as they believed, no life 
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ttiiTed on the sarfaco of Ibe cuth ; Ae ^^— ■"'■■J 
or middle period, vbea anigwls and pliate were 
introdaced and the laod b^^ to BsniDe fxnli- 
neotal proportioiis ; and the Tertiuy period, or 
oomparatiTelT modem geological tunes, vboi tin 
aspect of the earth as iretl as its 
approaching more nearly to d>e 
of things. But as their inTBsdgadons proceeded, 
Utey found that ereir ooe of these great ages of 
Qte irorld's history vas divided ioto nameroos 
leoer epochs, each of which had heea cbaiacler- 
ized by a peculiar set of animals and plants, and 
had been closed by some great phydcal coarul- 
sion, disturbing and displacing the materials ac- 
eomnlated during such a period of Kst. 

The further study of these subordinate periods 
showed that what had been called Primary for- 
mations, the Tolcanie or Plutonic rocks, formerly 
believed to be confined to the 6rst geological 
ages, belonged to all the periods, successive erup- 
tions having taken place at all limes, pouring 
up through the accumulated deposits, penetrat- 
ing and injecting their cracks, fissures, and in- 
equalities, as well as throwing out large masses 
on the surface. Up to our own day there has 
1 a period when such eruptions have 
i taken place, though they have been oon- 

mtly diminishing in frequency and extent. In 
quence of this discovery, that rocks of ig- 
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neous character were by no means exclusively 
characteristic of the earliest times, they are now 
classified together upon very different grounds 
from those on which geologists first united them ; 
though, as the name Primary was long retained, 
we still find it applied to them, even in geo- 
logical works of quite recent date. This defect 
of nomenclature is to be regretted, as likely to 
mislead the student, because it seems to refer to 
time; whereas it no longer signifies the age of 
the rocks, but simply their character. The name 
Plutonic or Massive rocks is, however, how al- 
most universally substituted for that of Primary. 
A wide field of investigation still remains to be 
explored by the chemist and the geologist to- 
gether, in the mineralogical character of the 
Plutonic rocks, which differs greatly in the dif- 
ferent periods. The earlier eruptions seem to 
have been chiefly granitic, though this must not 
be understood in too wide a sense, since there 
are granite formations even as late as the Terti- 
ary period; those of the middle periods were 
mostly porphyries and basalts ; while in the more 
recent ones, lavas predominate. We have as yet 
no clue to the laws by which this distribution of 
volcanic elements in the formation of the earth is 
regulated ; but there is found to be a difference 
in the crystals of the Plutonic rocks belonging 
to different ages, which, when fully xmderstood, 
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may enable us to determine the age of any Plu- 
tonic rock by its mode of crystallization ; so that 
the mineralogist will as readily tell you by its 
crystals whetlier a bit of stone of igneous origin 
belongs to this or that period of the world's his- 
tory, as the paliBontologist will tell you by its 
fossils whether a piece of rock of aqueous origin 
belongs to the Silurian or Devonian or Carbon- 
iferous deposits. 

Although subsequent investigations have mul- 
tiplied so extensively not only the number of geo- 
logical periods, but also the successive creations 
that have characterized them, yet the first gen- 
eral division into three great eras was neverthe- 
lees founded upon a broad and true generalizar 
tion. In the first stratified rocks in wliich any 
oi^nic remains are found, tiie highest animals 
are fishes, and the highest plants are crypto- 
gams ; in the middle periods reptiles come in, 
accompanied by fern and moss forests ; in later 
times quadrupeds are mtroduced, with a dicoty- 
ledonous vegetation. So closely docs the march 
of animal and vegetable hfe keep pace with the 
material progress of the world, that we may well 
consider tliese three divisions, included under 
the first general classification of its physical his- 
tory, as tho three Ages of Nature ; the more im- 
portant epochs which subdivide them may be 
omnpared to so many great dynasties, while the 
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lesser periods are the separate reigns contained 
therein. Of such epochs there are ten, well 
known to geologists ; of the lesser periods about 
sixty are already distinguished, while many more 
loom up from the dim regions of the past, just 
discerned by the eye of science, though their his- 
tory is not yet unravelled. 

Before proceeding further, I will enumerate 
the geological epochs in their succession, confin- 
ing myself, however, to such as are perfectly well 
established, without alluding to those of which 
the limits are less definitely determined, and 
which are still subject to doubts and discussions 
among geologists. As I do not propose to make 
here any treatise of Geology, but simply to place 
before my readers some pictures of the old world, 
with the animals and plants that have inhabited 
it at various times, I shall avoid, as far as pos- 
sible, all debatable groimd, and confine myself to 
those parts of my subject which are best known, 
and can therefore be more clearly presented. 

First, we have the Azoic period, devoid of life^ 
as its name signifies, — namely, the earliest strati- 
fied deposits upon the heated film forming the 
first solid surface of the earth, in which no trace 
of living thing has ever been found. Next comes 
the Silurian period, when the crust of the earth 
had thickened and cooled sufliciently to render 
the existence of animals and plants upon it pos- 
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Bible, and when the atmospheric conditions necee- 
sary to their maintenance were already estab- 
lished. Many of the names giyen to these 
periods are by no means significant of their char- 
acter, but are merely the result of accident : as, 
for instance, tliat of Silurian, given by Sir Rod- 
erick MurcliiBon to this set of beds, because he 
first studied them in that part of Wales occu- 
pied by the ancient tribe of the Sihirea. The 
next period, the Devonian, was for a similar rea- 
son named after the county of Devousliire, in 
England, where it was first investigated. Upon 
this follows the Carboniferous period, with the 
immense deposits of coal from which it derives 
its name. Then comes the Permian period, 
named, again, from local cireurastances, tlie first 
investigation of its deposits having taken place in 
ilie province of Permia in Russia. Next in suc- 
cession we have the Triassic period, so called 
from the trio of rocks, the red sandstone, Mus- 
chel Elalk (shell-limestone), and Keuper (day), 
most frequently combined in its formations ; the 
a Jurassic, so amply illustrated in tlie chain of the 
ra, where geologists first found the clue to it* 

md the Cretaceous period, to which the 
. clifis of England and all the extensive 

osits belong. Upon tliese foUow the 

lied Tertiary formations, divided into three 

riods, all of which have received most char- 
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acteristic names. In this epoch of th^ world's 
history we see the first approach to a conditicm 
of things resembling that now prevailrng, ajid l%r 
Charles Ljell has most fitly named its three 
diTisions, the Eocene, Miocene, and Pliocene. 
The termination of the three words is made from 
the Greek word KainoSy recent; while jEos sig- 
nifies dawn, Melon less, and Pleian more. Thus 
Eocene indicates the dawn of recent species. Pli- 
ocene their increase, while Miocene, the int^v 
mediate term, means less recent. Above these 
deposits comes what has been called in science 
the present period, — the modem times of ttie 
geologist, — that period to which man himself b^ 
longs, and since the beginning of which, though 
its duration be counted by hundreds of thousands 
of years, there has been no alteration in the gen- 
eral configuration of the earth, consequently no 
important modification of its climatic conditions, 
and no change in the animals and plants inhabit- 
ing it. 

I have spoken of the first of these periods, the 
Azoic, as having been absolutely devoid of life, 
and I believe this statement to be strictly true ; 
but I ought to add that there is a difference of 
opinion among geologists upon this point, many 
believing that the first surface of our globe may 
have been inhabited by living beings, but that all 
traces of their existence have been obliterated by 
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tlie eruptioiia of melted materials, which not only 
altered the character of those earliest stratified 
rocks, but destroyed all the orgaQie remains con- 
tained m them. It will he ray object to show in 
this series of papers, not only that the absence 
of tlie climatic and atmospheric conditions essen- 
tial to organic life, as we understand it, must 
have rendered the previous existence of any Kv- 
ing beings impossible, but also that the complete- 
ness of the Animal Kingdom in those deposits 
where we first find organic remains, its intelb- 
gible and coherent connection with the succes- 
eive creations of all geological times and with the 
animals now living, afford the strongest internal 
evidence that we have indeed found in the lower 
Silurian formations, immediately following the 
Azoic, the beginning of life upon earth. When 
a story seems to us complete and consistent fi-om- 
the beghuiing to the end, we shall not seek for a 
first chapter, even though the copy in which we 
have read it be so toni and defaced as to suggest 
the idea that some portion of it may have been 
■ jeet. The nnity of the work, as a whole, is ten 
^fiieotiteetable proof that we possess it in its origi- 
PpM integrity. The validity of this argument will 
be recognized, perhaps, only by those naturalists 
to whom the Animal Kingdom has begun to 
appear as a connected whole. For those who d» 
t see order ui Nature it can have no value. 
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For a table containing the geological periods 
in their succession, I would refer to any modern 
text-book of (Jeology, or to an article in the " At- 
lantic Monthly " for March, 1862, upon " Meth- 
ods of Study in Natural History," where they 
are given in connection with the order of intro- 
duction of animals upon earth. 

Were these sets of rocks found always in the 
regular sequence in which I have enumerated 
them, their relative age would be easily deter- 
mined, for their superposition would tell the 
whole story : the lowest would, of course, be the 
oldest, and we might follow without difficulty 
the ascending series, till we reached the youngest 
and uppermost deposits. But their succession 
has been broken up by frequent and violent al- 
terations in the configuration of the globe. Land 
and water have changed their level, — islands 
have been transformed to continents, — sea-bot- 
toms have become dry land, and dry land has 
sunk to form sea-bottom, — Alps and Himalayas, 
Pyrenees and Apennines, Alleghanies and Rocky 
Mountains, have had their stormy birthdays since 
many of these beds have been piled one above 
another, and there are but few spots on the earth's 
surface where any number of them may be found 
in their original order and natural position. 
When we remember that Europe, which lies 
before us on the map as a continent, was once 
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an arcliipelago of islands, — that, where the Pyr- 
enees raised their rocky barrier between France 
and Spain, the waters of the Mediterranean and 
Atlantic met, — that, where the Britisli Cliannel 
flows, dry laud united England and France, and 
Natare in those days made one coimtry of the 
lands parted since by enmities deeper than the 
waters that run between, — when we remember, 
in short, all the fearful convnlsions that have 
torn asunder the surface of the earth, as if her 
rocky record had indeed been written on paper, 
we shall find a new evidence of the intellectual 
unity which holds together the whole physical 
history of llio globe in the fact that through all 
the Btorms of time tlie investigator is able to 
trace one unbroken thread of thought from the 
beginning to the present hour. 

The tree is known by its fruits, — and the 

fruits of chance are incoherence, incompleteness, 

unsteadiness, the stammering utterance of blind, 

unreasoning force. A coherence that binds all 

the geological ages in one chain, a stability of 

purpose that completes in the beings born to-day 

an intention expressed in the first creatures that 

Bwam in the Silurian ocean or crept upon its 

p:«bores, a steadfastness of thought, practically 

KKcognized by man, if not acknowledged by him, 

Fhenever he traces the intelligent connection be- 

Itween the facts of Nature and combines them 
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into what he is pleased to call his system of Q^ 
ology, or Zoology, or Botany, — these things are 
not the fruits of chance or of an unreasoning 
force, but the legitimate results of intellectufd 
power. There is a singular lack of logic, as it 
iseems to me, in the views of the materialistic 
naturalists. While they consider classification, 
or, in other words, their expression of the rela- 
tions between animab or between physical &ctg 
of any kind, as the work of their intelligence, 
they believe the relations themselves to be ib^ 
work of physical causes. The more direct in- 
ference surely is, that, if it requires an intelligent 
mind to recognize them, it must have required 
an intelligent mind to establish them. These 
relations existed before man was created ; they 
have existed ever since the beginning of time; 
hence, what we call the classification of facts is 
not the work of his mind in any direct original 
sense, but the recognition of an intelligent action 
prior to his own existence. 

There is, perhaps, no part of the world, cer- 
tainly none familiar to science, where the early 
geological periods can be studied with so much 
ease and precision as in the United States. Along 
their northern borders, between Canada and the 
United States, there runs the low line of hillp 
known as the Laurentian Hills. Insignificant in 
height, nowhere rising more than fifteen hundred 
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r two thouBand feet above the level of the sea, 
Uiese are nevertheless the first moimtaius that 
broke the uniform level of the earth's surface and 
lifted themselves above tlie waters. Their low 
stature, as compared with that of other more lofty 
mountain-ranges, is in accordance with an in- 
Tariable rule, by which the relative ago of moun- 
K^Bins may be estimated. The oldest mountainB 
^pm the lowest, wlulo the younger and more re- 
Hfout ones tower above their elders, and are usu- 
ally more torn and dislocated also. Tliis is easily 
understood, when we remember that all moun- 
tains and mountain-chains are the result of up- 
heavals, and that the violence of the outbreak 
must have boon in proportion to the strength of 
the resistance. When the crust of the earth waa 
W thin that the heated masses witliin easily broke 
through it, they were not thrown to so great a 
height, and formed comparatively low elevations, 
Buch as the Canadian hUls or the monntains of 
Bretagne and Wales. But in later times, when 
young, vigorous giants, such as the Alps, the 
Himalayas, or, later still, the Rocky Mountains, 
forced their way out from their fiery prison- 
bouse, the crust of the earth was much thicker, 
and fearful indeed must have been the convul- 
sions which attended their exit. 
Hl The Laurentian Hillq form, then, a granite 
^■Vtnge, stretching from Eastern Canada to the 
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Upper Mississippi, and immediately along its base 
are gathered the Azoic deposits, the first strati- 
fied beds, in which the absence of life need not 
surprise us, since they were formed beneath a 
heated ocean. As well might we expect to find 
the remains of fish or shells or crabs at the bot- 
tom of geysers or of boiling springs, as on those 
early shores bathed by an ocean of which the 
heat must have been so intense. Although, from 
the condition in which we find it, this first granite 
range has evidently never been disturbed by any 
violent convulsion since its first upheaval, yet 
there has been a gradual rising of that part of 
the continent, for the Azoic beds do not lie hori- 
zontally along the base of the Laurentian Hills 
in the position in which they must originally 
have been deposited, but are lifted and rest 
against their slopes. They have been more or 
less dislocated in this process, and are greatly 
metamorphized by the intense heat to which they 
must have been exposed. Indeed, all the oldest 
stratified rocks have been baked by the prolonged 
action of heat. 

It may be asked how the materials for those 
first stratified deposits were provided. In later 
times, when an abundant and various soil covered 
the earth, when every river brought down to the 
ocean, not only its yearly tribute of mud or clay 
or lime, but the dSbris of animals and plants that 
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lived and died in its waters or along its banks, 
when every lake and pond deposited at its bot- 
tom in snccessive layers the lighter or heavier 
materials floating in its waters and settling grad- 
ually beneath them, the process by which strati- 
fied materials are collected and gradually harden 
into rock is more easily understood. But when 
the solid surface of the earth was only just begin- 
ning to form, it would seem that the floating 
matter in the sea can hardly have been in suf- 
ficient quantity to form any extensive deposits. 
No doubt there was some abrasion even of that 
first crust ; but the more abundant source of the 
earliest stratification is to be found in the sub- 
marine volcanoes that poured their liquid streams 
into the first ocean. At what rate these materi- 
ab would be distributed and precipitated in reg- 
ular strata it is impossible to determine ; but that 
volcanic materials were so deposited in layers is 
evident from the relative position of the earliest 
rocks. I have already spoken of the innumer- 
able chimneys perforating the Azoic beds, narrow 
outlets of Plutonic rock, protruding through the 
earliest strata. Not only are such funnels filled 
with the crystalline mass of granite that flowed 
through them in a liquid state, but it has often 
poured over their sides, mingling with the strati- 
fied beds around. In the present state of our 
knowledge, we can explain such appearances only 
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by supposing that the heated materials within 
the earth's crust poured out fi^uently, noieeting 
little resistance, — that thej then scaUered and 
were precipitated in the ocean around, settling 
in successive strata at its bottom, < — that through 
such strata the heated masses within continued 
to pour again and again, forming for themselves 
tlie chimney-like outlets above mentioned. 

Such, then, was the earliest American land, — 
a long, narrow island, almost continental in its 
proportions, since it stretched from the eastern 
borders of Canada nearly to the point where now 
the base of the Rocky Mountains meets the plain 
of the Mississippi Valley. We may still walk 
along its ridge and know that we tread upon the 
ancient granite that first divided the waters into 
a northern and southern ocean ; and if our im- 
aginations will carry us so far, we may look down 
toward its base and fancy how the sea washed 
against this earliest shore of a lifeless world. 
This is no romance, but the bald, simple truth ; 
for the fact that this granite band was lifted out 
of the waters so early in the history of the world, 
and has not since been submerged, has, of course, 
prevented any subsequent deposits from forming 
above it. And this is true of all the northern 
part of the United States. It has been lifted 
gradually, the beds deposited in one period being 
subsequently raised, and forming a shore along 
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ich those of the succeeding one collected, so 
have their whole sequence hefore us. In 
whore all the geological deposits, Silu- 
, Devonian, Carhouiferous, Permian, Trias- 
etc., are piled one upon another, and we can 
a glimpse of their internal relations only 
re some rent has laid them open, or where 
their ragged edges, worn away by the abrad- 
ing action of external influences, expose to view 
their successive layers, it must, of course, be 
more difficult to follow their connection. For 
this reason the American continent offora facil- 
ities to the geologist denied to him in the so- 
called Old World, where the earlier deposits are ' 
comparatively hidden, and the broken character 
the land, intersected by mountains in every 
'ection, renders his investigation still more dif- 
Of course, when I speak of the geological 
'deposits as so completely unveiled to us here, I 
do not forget the sheet of drift which covers the 
continent from North to South, and which we 
discuss hereafter, when I reach that part of 
subject. But the drift is only a superficial 
id recent addition to the soil, restuig loosely 
the other geological deposits, and arising, 
we shall see, from very different causes. 
In this article I have intended to limit myself 
a general sketch of the formation of the Lau- 
itian Hills with the Azoic stratiHed beds rest 
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ing against them. In the Silurian epoch follow- 
ing the Azoic we have the first beach on which 
any life stirred; it extended along the base of 
the Azoic beds, widening bj its extensive de- 
posits the narrow strip of land already upheaved. 
I propose in my next article to invite my readers 
to a stroll with me along that beach. 



THE STLUMAN BEACH. 



WITH what interest do we look upon any 
_ relic of early human history ! The monu- 

lent that tells of a civilization whose hieroglyphic 
■ds we cannot even decipher, the slightost 
i of a nation that vanished and left no sign 
8 life except the rough tools and utensils bu- 
ried in the old site of its towns or villages, arousea 
our imagination and excites our curiosity. Men 
gaze with awe at the inscription on an ancient 
Egyptian or Assyrian stone ; they hold with rev- 
erential touch the yellow parchment-roll whose 
dim, defaced characters record the meagre learn- 
ing of a buried nationality ; and the announce- 
ment, that for centuries the tropical forests of 
Central America have hidden within their tan- 
i growth the ruined homes and temples of a 
ut race, stirs the civilized world with a strange, 
Jep wonder. 

3 me it seems, that to look on the first land 

tat was ever lifted above the waste of waters, to 

T the shore where the earliest animals and 
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plants were created when the thought of Qod first 
expressed itself in organic forms, to hold in one's 
hand a bit of stone from an old sea-beach, hard- 
ened into rock thousands of centuries ago, and 
studded with the beings that once crept upon its 
surface or were stranded there by some retreating 
wave, is even of deeper interest to men than the 
relics of their o^v^l race, for these things tell more 
directly of the thoughts and creative acts of God. 

Standing in the < neighborhood of Whitehall, 
near Lake George, one may look along such a 
sea-shore, and see it stretching westward and 
sloping gently southward as fkr as the eye eaA 
reach. It must have had a very gradual slope, 
and the waters must have been very shallow ; 
for at that time no great mountains had been up- 
lifted, and deep oceans are always the concomir 
tants of lofty heights. We do not, however, 
judge of this by inference merely ; we have an 
evidence of the shallowness of the sea in those 
days in the character of the shells found in the 
Silurian deposits, which shows that they belonged 
in shoal waters. 

Indeed, the fossil remains of all times tell us 
almost as much of the physical condition of the 
world at different epochs as they do of its animal 
and vegetable population. When Robinson Cru- 
soe first caught sight of the footprint on the sand, 
he saw in it more than the mere footprint, for it 
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spoke to him of the presence of men on his desert 
island. We walk on the old geological shores, 
like Crusoe along his beach, and the footprints 
we find there tell us, too, more than we actuaUy 
see in them. The crust of our earth h a great 
cemetery, where the rocks are tombstones on 
wbidik the buried dead have written their own 
epitaphs. They tell us not only who they were 
and when and where they lived, but much also of 
tiie circumstances under which they lived. We 
ascertain the prevalence of certain physical condi- 
tions at special epochs by the presence of animals 
and plants whose existence and maintenance re- 
quired such a state of things, more than by any 
positive knowledge respecting it. Where we find 
the remains of quadrupeds corresponding to our 
ruminating animals, we infer not only land, but 
grassy meadows also, and an extensive vegeta- 
tion ; where we find none but marine animal^s, 
we know the ocean must have covered the earth ;. 
the remains of large reptiles, representing^ though 
in gigantic size^ the half aquatic, half terrestrial 
reptiles of our own period, indicate to us the ex- 
istence of spreading marshes still soaked by the 
retreating waters ; while the traces of such ani- 
mals as live now in sand and shoal waters, or in 
mud, speak to us of shelving sandy beaches and 
of mud-flats. The eye of the Trilobite tells us 
that the sun shone on the old beach where he 
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lived ; for there is nothing in nature without a 
purpose, and when so complicated an organ was 
made to receive the light, there must have been 
light to enter it. The immense vegetable deposits 
in the Carboniferous period announce the intro- 
duction of an extensive terrestrial vegetation; 
and the impressions left by the wood and leaves 
of the trees show that these first forests must have 
grown in a damp soil and a moist atmosphere. 
In short, all the remains of animals and plants 
hidden in the rocks have something to tell of the 
climatic conditions and the general circumstances 
under which they lived, and the study of fossils is 
to the naturalist a thermometer by which he reads 
the variations of temperature in past times, a 
plummet by which he soimds the depths of the 
ancient oceans, — a register, in fact, of all the im- 
portant physical changes the earth has imdergone. 
But although the animals of the early geologi- 
cal deposits indicate shallow seas by their simi- 
larity to our shoal-water animals, it must not be 
supposed that they are by any means the same. 
On the contrary, the old shells, Crustacea, corals, 
etc., represent types which have existed in all 
times with the same essential structural elements, 
but under difierent specific forms in the several 
geological periods. And here it may not be amiss 
to say something of what are called by naturalists 
r^esentative types. 
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The Gtatement that diSerent sets of animals 
id plants have characterized the succeesive 
lbs is often understood as indicating a dif- 
!Qce of another kind than that which distin- 
hes animals now living in different parts of 
world. This is a mistake. They are so- 
led representative types all over the globe, 
ited to each other hy structural relations and 
'separated by specific differences of the same kind 
as those that unite and sepai-ate animals of differ^ 
ent geological periods. Take, for instance, mud- 
flats or sandy shores in the same latitudes of 
Europe and America ; we find living on each ani- 
mals of the same structural character and of the 
same general appearance, hut with certain specific 
differences, as of color, size, external appendages, 
etc. They represent each other on the two conti- 
Tlie American wolves, foxes, bears, rah- 
e not the same as the European, hut those 
continent are as true to their respective 
lypes as those of the other ; under a somewhat 
different aspect they represent the same groups 
animals. In certain latitudes, or under condl- 
of nearer proximity, these differences may 
less marked. It is well known tliat there is a 
!at monotony of type, not only among animals 
and plants, but in the human races also, through- 
out the Arctic regions ; and some animals charac- 
.teristic of the high North reappear under such 
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identical fonns in the neighborhood of the snow- 
.fields in lofty mountams, that to trace the dififer- 
ence between the ptarmigans, rabbits, and other 
gnawing «.niTnal8 of the Alps, for instance,. and 
those of the Arctics, is among the most difficult 
problems of modem science. 

And so is it abo with the animated world of 
past ages ; in similar deposits of sand, mud, or 
lime, in adjoining regions of the same geological 
age, identical remains of animals and plants may 
be found ; while at greater distances, but und^ 
similar circumstances, representative species may 
occur. In very remote regions, however, whether 
the circumstances be similar or dissimilar, the 
general aspect of the organic world diflFers greatly, 
remoteness in space being thus in some measure 
an indication of the degree of afl&nity between dif- 
ferent faunae. In deposits of different geological 
periods immediately following each other, we 
sometimes find remains of animals and plants so 
closely allied to those of earlier or later periods 
fliat at first sight the specific differences are 
hardly discernible. The difficulty of solving 
these questions, and of appreciating correctly tte 
differences and similarities between such closely 
allied organisms, explains the antagonistic views 
of many naturalists respecting the range of exist- 
ence of animals, during longer or shorter geologi- 
cal periods ; and the superficial way in which dis 
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cusfdons concerning the transition of species are 
carried on, is mainly owing to an ignorance of tlio 
iditions above alluded to. My own personal 
irvation and esperience in tlicse matters have 
to the conviction that every geological 
period has had its own representatives, and that 
no single species has been repeated in successive 






The laws regulating the geographical distribu- 
tion of animals, and their combination into dis- 
tinct zoological provinces called faunjc, with defi- 
limite, are very imperfectly understood as 
; but so closely are all things linked together 
im the beginning till to-day that I am con- 
vinced we Bhall never find the clew to their 
meaning tilt we carry on our investigations in 
the past and the present simultaneouBly, The 
same principle according to which animal and 
vegetable life is distributed over the surface of 
earth now, prevailed in the eai'liest geological 
is. The geological deposits of all times 
had their cliariictcristic fauuEe under vari- 
ones, their zoological provinces presenting 
l1 combinations of animal and vegetable life 
certain regions, and their representative 
IS reproducing in different countries, but un- 
similar latitudes, the same groups with spe- 
differences. 
Of course, the nearer we approach the begin- 
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ning of organic lifb, the less marked do we find 
the diflFerences to be, and for a very obyioos rea- 
son. The inequalities of the earth's surface, her 
mountain-barriers protecting whole continents 
from the Arctic winds, her open plains exposing 
others to the full force of the polar blasts, her 
snug valleys and her lofly heights, her table- 
lands and rolling prairies, her river-systems and 
her dry deserts, her cold ocean-currents potiring 
down from the high North on some of her shores, 
while warm ones from tropical seas carry their 
softer influence to others, — in short, all the con- 
trasts in the external configuration of the globe, 
with the physical conditions attendant upon 
them, are naturally accompanied by a corre- 
sponding variety in animal and vegetable life. 

But in the Silurian age, when there were no 
elevations higher than the Canadian hills, when 
water covered the face of the earth, with the ex- 
ception of a few isolated portions lifted above the 
almost universal ocean, how monotonous must 
have been the conditions of life! And what 
should we expect to find on those first shores? 
If we are walking on a searbeach to-day, we do 
not look for animals that haunt the forests or roam 
over the open plains, or for those that live in shel- 
tered valleys or in inland regions or on moimtain- 
heights. We look for Shells, for Mussels and 
Barnacles, for Crabs, for Shrimps, for •Marine 
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Worms, for Star-Fishes and Sea-Urchins, and ve 
may find here and there a fish stranded on the 
sand or tangled in the sea-weed. Let as remem- 
ber, then, that, in the Siiuriao period, the world, 
eo fSur OS it was r^sed above the ocean, was a 
beach, and let us seek there for such creatures as 
God has made to lire on sea-shores, and not be- 
little the Creative work, or say that He first scat- 
tered the seeds of life in meagre or stinted meas- 
ure, because we do not find air-breathing ani ma lc 
when there was no fitting atmosphere to feed 
their lungs, insects with no terrestrial plants to 
live upon, reptiles without marshes, birds willn 
out trees, cattle without grass, all things, in 
short, without the essential conditions for their 
existence. 
m What we do find, — and these, as I shall en- 
Heavor to show my readers, in such profusion 
Kfaat it would seem as if God, in the joy of creft- 
fion, had compensated Himself for a less variety 
of forms in the greater richness of the early 
types, — is an immense number of beings belong- 
ing to the four primary divisions of the Animal 
Kingdom, but only to those classes whose repre- 
sentatives are marine, whose home then, as now_ 
was either in the sea or along its shores. In 
other words, the first organic creation expressed 
in its totality tho structural conception since 
Tied out in such wonderful variety of details. 
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and purposely limited then, because the world, 
which was to be the home of tiie higher animals, 
was not yet made ready to receive them. 

I am fully aware that the intimate relations 
between the organic and physical world are inter- 
preted by many as indicating the absence, rather 
than the presence, of an intelligent Creator. 
They argue, that the dependence of animals on 
material laws gives us the clew to their ori^ as 
well as to their maintenance. IVere this influ- 
ence as absolute and unvarying as the purely 
mechanical action of physical (circumstances 
inust necessarily be, this inference might have 
some pretence to logical probabilitjr, — though it 
seems to me imnecessary, under any circumstan- 
ces, to resort to climatic influences or the action 
of any physical laws to explain the thoughtful 
distribution of the organic and inorganic world, 
so evidently intended to secure for all beings 
what best suits their nature and their needs. 
But the truth is, that, while these harmonious 
relations underlie the whole creation in such a 
manner as to indicate a great central plan, of 
which all things are a part, there is at the same 
time a freedom, an arbitrary- element in the 
mode of carrying it out, which seems to point to 
the exercise of an individual will ; fo;r, Side by 
side with facts, apparently the direct result of 
physical laws, are other facts, the nature of 
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to between the &obc cf the Azctiei mai Aafc <£ 
the Alps. certaiDlj- Acmiag a diraet relatiM b»> 
tireeo climatic oooditioais and ■-*""* and n^ 
tatde life. Yet even there, vliere the diadea rf 
ipetnfic di£EereDce between manj *™mHtf and 
plants of the same class are so sli^t as to baflb 
the keenest investigators, we have repreeentatire 
types both in the Animal and TegetaUe King- 
doms as distinct and peculiar as those of widely 
removed and gtron^r contrasted climatic condi- 
tions. Shall we attribute the Eimilarities aad 
the differences alike to phyBical causes 1' Com- 
pare, for example, the Reindeer of the Arctics 
with the Ibex and the Chamois, repregentiDg the 
eame group in the Alps. Even on monntain- 
heights of similar altitudes, where not only cli- 
mate, but other physical conditions would sug- 
gest a recurrence of identical animals, we do not 
find the same, but representative tjrpes. The 
Ibex of the Alps differs, for instance, from that 
of the Pyrenees, that wf the Pyrenees from those 
of the Caucasus and Himalayas, these again from 
each other and from that of the Altai. 

But perhaps the most conclusive proof that we 
must seek for the origin of organic life outside 
of physical causes consists in the permanence of 
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fhe fundamental types, while the species repre* 
senting these types have differed in every geologi- 
cal period. Now what we call typical features 
of structure are in themselves no more stable or 
permanent than specific features. K physical 
causes, such as light, heat, moisture, food, habits 
of life, etc., acting upon individuals, have gradu- 
ally in successive generations changed the char- 
acter of the species to which they belong, why 
not that of the class and the branch also ? K we 
judge this question from the material side at all, 
we must, in order to judge it fairly, look at it 
wholly fipom that point of view. If these specific 
changes are brought about in this way, it is be- 
cause external causes have positive permanent 
effects upon the substances of which animals are 
built : they have power to change their hair, to 
change their skin, to change certain external 
appendages or ornamentations, and any other of 
those ultimate features which naturalists call 
specific characters. Now I would ask what 
there is in the substances out of which class 
characters are built that would make them less 
susceptible to such external influences than these 
specific characters. In many ^stances the for- 
mer are more delicate, more sensitive, far more 
fragile and transient in their material nature 
than the latter. And yet never, in all the 
chances and changes of time, have we seen any 
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ration in the mode of respiration, of repro- 

iction, of circulation, or in any of tlie systems 

: organs wliicli cliaracterize tlie more compre- 

e groups of the Auiinal Kingdom, although 

Lfliej are quite as much under the immediate in- 

B of physical causes as those structural fea- 

fttoreB which have been constantly changing. 

The woody fibre of the Pine-trees has had the 

me structure from the Carboniferous age to 

i day, while their mode of branching and tlie 

ins of their cones and leaves have been differ- 

Wtiut in each period according to tlieir respective 

I ipecies. The combination of rings, the structure 

1^ the wings, and the articulations of the legs 

vJfK tlie same in the Cockroaches of the Carbou- 

ijfBTOUS ago as in those which infest our ships and 

■ dwellings to-day, while the proportion of 

r parts is on quite another scale. The tissue 

r the Corals in the Silurian age is identical in 

Siemical combination and organic structure witli 

tfiat of the Corals of our modem reefs, and yet 

the extensive researches upon this class, for which 

we are indebted to Milno Edwards and Haimc, 

have not revealed a single species extending 

Uirough successive geological ages, but show us, 

on the contrary, that every age has had its own 

kinds, differing among themselves in the same 

way as those of the Gulf of Mexico differ now 

pom those of the Indian Ocean and the Pacific. 
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The scales of the oldest known fishes in the Silu- 
rian beds have the same microscopic structcire as 
those of their representatiye types to-day, and yet 
I have never seen a single fossil fish presenting 
the same specific characters in the successive geo- 
logical epochs. The teeth of the oldest Sharks 
show the same microscopic structure as those of 
the present time, and we do not lack opportuni- 
ties for comparison^ since the former are as com- 
mon in the mountain-limestone of Ireland as are 
those of the living Sharks on any beach where 
our fishermen boil them for the sake of their oil, 
and yet the Sharks appear under difierent generic 
and specific forms in each geological age. 

But without multiplying examples, which 
might be adduced, ad infinitum^ to show perma^ 
nence of type combined with repeated changes 
of species, suffice it to say, that, while the genr 
eral features in the framework of the organic 
world and the materials of which that framework 
is built, though quite as subject to the influence 
of physical external circumstances as any so- 
called specific features, have remained perfectly 
intact from the beginning of Creation till now, 
so that not the smallest difierence is to be dis- 
cerned in these respects between the oldest repre- 
sentatives of the oldest types in the oldest Silu 
rian rocks and their successors through all the 
geological ages up to the present day, the species 



"ttsre been different m each epoch. And those 
fitfll deeper ideal relations, the plans or structu- 
ral conceptions npon which animals are based, 
are adhered to through all time with a tenacity 
in strange contrast to the perishableness of the 
material forms through which they are ex- 
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It is surely a fair question to ask the advocates 
of the transmutation theory, whether they attrib- 
ute to physical laws the discernment that wonld 
tend them to change the specific features, but to 
itepect all those characters by which the higher 
structural combinations of the Animal Kingdom 
are preseiTed without alteration, — iu other 
irords, to maintain the organic plan, while con- 
stantly diversifying the mode of expressing it. 
If BO, it would perhaps be as well to call such 
laws by another name, since they show all the 
comprehensive wisdom of an intelligent Creator. 
Until they can tell us why certain features of 
animals and plants are permanent under coodi- 
tiobs which, according to their view, have power 
to change certain other features no more perish- 
tSAo or transient in themselves, the supporters of 
development theory will have failed to sub- 
.tiate their pecuUar scientific doctrine. 

But this discussion has led us far away from 
starting-point, and interrupted our walk 
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along the Silurian beach ; let us return to gatiier 
a few specimens there, and compare them with 
the more familiar ones of our own shores. I 
have said that the beach was a shelving one, and 
covered of course with shoal waters; but as I 
have no desire to mislead my readers, or to pre- 
sent truths as generally accepted which are still 
subject to dispute, I would state here that the 
parallel ridges trending east to west across the 
State of New York, considered by some geolo- 
gists as the successive shores of a receding ocean, 
are believed by others to be the inequalities on 
the bottom of a shallow sea. Not only, however, 
does the general character of these succesdve 
terraces suggest the idea that they must have 
been shores, but the ripple-marks upon them are 
as distinct as upon any modern beach. The reg- 
ular rise and fall of the water is registered there 
in waving, undulating lines as clearly as on the 
sand-beaches of Newport or Nahant ; and we can 
see on any one of those ancient shores the track 
left by the waves as they rippled back at ebb of 
the tide thousands of centuries ago. One can 
often see where some obstacle interrupted the 
course of the water, causing it to break around 
it ; and such an indentation even retains the soft, 
muddy, plastic look that we observe on the pres- 
ent beaches, where the resistance made by any 
pebble or shell to the retreating wave has given 
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it greater force at that point, so that the sand 
around the spot is soaked and loosened. There 
is still another sign, equally familiar to those who 
have watched the action of water on a heach. 
Where a shore is very shelving and flat, so that 
the waves do not recede in ripples from it, but in 
one unbroken sheet, the sand and small pebbles 
are dragged and form lines which diverge when- 
ever the water meets an obstacle, thus forming 
sharp angles on the sand. Such marks are as 
distinct on the oldest Silurian rocks as if they 
had been made yesterday. Nor are these the 
only indications of the same fact. There are cer 
tain animals living always upon sandy or muddy 
shores, which require for their well-heiug that 
the beach should be left dry a part of the day. 
These animals, moving about in the sand or mud 
from which the water has retreated, leave their 
tracks there ; and if, at such a time, the wind is 
blowing dust over the beach, and the sun is hot 
enough to bake it upon the impressions so formed, 
they are left in a kind of mould. Such trails and 

Prrows, made by small Shells or Crustacea, ai-e 
K) found in plenty on the oldest deposits. 
Admitting it, then, to be a' beach, let us begin 
with the lowest type of the Animal Kingdom, 
and see what Radiates are to be fiDund there. 
There are plenty of Corals, but they are not the 
a kinds of Corals as those that build up our 
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reofi> and islands now. The modem Coral aoi- 
toals ore chiefly Polyps, but the prevailing Corals 
of the Silurian age were Acalephian Hydroids, 
animals which indeed resemble Polyps in certain 
external features, and have been mistaken for 
thorn, hut whieh are nevertheless Acalephs by 
their internal structure. In these Corals the 
body, instead of being divided into chambers by 
the vertical partitions so chai"acteristic of the 
Polyps, is divided at regular distances by hori- 
zontal floors. I subjoin a 
wood-eut of a Silurian Coral, 
wliieh does not, however, show 
the peculiar internal structure, 
but gives some idea of the gen- 
eral appearance of the old Hy- 
droid Corals, We have hut 
one Acalephian Coral now living, tlie Millepore ; 
and it was by comparing that with these ancient 
ones that I first detected their relation to the Aca- 
lephs. For the true Acalephs or Jelly-Fishes we 
shall look in vain ; but the presence of the Aca^ 
lephiau Corals establishes the existence of the 
type, and we cannot expect to find those kinds 
preserved which are wholly destitute of hard 
parts. I do not attempt any description of the 
Polyps proper, because the early Corals of that 
class are comparatively few, and do not present 
features sufEcieutly characteristic to attract ttm 
notice of the casual observer. 
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Of the Echinoderms, the class of Radiates rep- 
inted now by our Star-Fishes and Sea-Urchiiis, 
re may gather auy quantity, tliough the old-fash- 
ioned forms are very different from the living ones. 
I have dwelt at such length in a former article * 
on the wonderful beauty and variety of the Cri- 
noids, or " Stone Lilies," as they have been called, 
from their resemblance to iflowers, that I will only 
briefly allude to them here. The subjoined wood- 
cut represents one with a closed cup ; but the 
number of their different pat- 
iruH is hardly to be counted, 
id I would invite any one who 
ions the abuudaut expres- 
sion of life ia those days to look 
at srane slabs of ancient lime- 
stone in the Zoological Museum 
at Cambridge, where the stuma 
of tlio Crinoids are tangled to- 
,^ther as thickly as seft-weed 
the shore. Indeed, some 
our rock-deposits consist 
"«luefly of the fragments of their 
remains. 
The Molluskg were also rep- 
uted then, as now, by their three classes, — 
iphala, Gasteropoda, and Cephalopoda. The 
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Acephala or Bivalves we shall find in great n 
bers, but of a very different pattern from 
Oysters, Claras, and Mussels of receut times. 
The annexed wood-cut representa one of these 
Brachiopods, which form 
a very characteristic type 
of the Silurian deposits. 
The square cut of the 
upper edge, where the 
two valves meet along the back and are united by 
a hinge, is altogether old-fashioned, and unknown 
among our modern Bivalves. The wood-cut does 
not show the inequality of the two valves, also a 
very characteristic feature of this group, — one 
valve being flat and ^ttisg closely iuto the othw^j 
which is more spreading and much fuller. Theqa^l 
also, were represented by a great variety of spe- 
cies, and we find them crowded together as closely 
in the ancieut rocks as Oysters or Clams or Mus- 
sels on any of our modern shores. Besides these, 
there were the Bryozoa, a small kind of com- 
pound MoUusk allied to the Clams, and very busy 
then in the ancient Coral work. They grew in 
communities, and the separate individuals are so 
minute that a Eryozoan stock looks like some 
delicate moss. Tbey still have their place among 
the Eeef-BuildJng Corals, but play an iusignili- 
cant part in comparison with that of their prede- 
cessors. 
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' Of the Silurian UnivalTes or Gasteropods there 
i not much to tell, for their spiral sheila were bo 
tirittle that scarcely any perfect specimens are 
known, though their broten remaiiiH are fouod 
in such quantities as to show that thia class also 
■was very fully represented in the earliest crea- 
But the highest class of Mollusks, the 
tephalopods or Chambered Shells, or Cuttle- 
jhes, as they are called when the animal is uii- 
Kitected by a shell, are, on the contrary, very 
1 preserved, and they are very numerous. Of 
3 I will speak somewhat more in detail, be- 
lAufie their geological history is a very curious 



The Chambered Nautilus is familiar, to all, 
since, from the exquisite beauty of its shell, it is 
especially sought for by conchologists ; but it is 
nevertheless uot so common iu our days as the 
Sqnids and Cnttle-Fishes, which are the most 
numerous modern representatives of tlie class. 
In the earliest geological days, on the contrary, 
those with a shell predominated, differing from 
the later ones, however, in having the siieU per- 
fectly straight instead of curved, though its in- 
ternal structure was the same as it is now and 
has ever been. Then, as now, the animal shut 
himself out from his last year's home, building 
his annual wall behind him, till his whole shell 
divided into successive chambers, all of 
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which were connected hy a eiphoa. Some of die 
shallH of thU kind belonging to the Silurian do* 
pwiU are enormous : giants of the sea they mml 
have been in Uiose days. They have been found 
fifteen feet loug, aud as large round as a m^i's 
body. One cou iinagiiio Uiat the Cuttle-Fish ia- 
liabitiug such a sliell must have been a formi- 
dablu animal. Thuso straight chambered shells 
of the Silurian aud Devouian seas arc 

■ called Orthoceratites (see accompany- 
ing wood-cut). We shall meet them 
again hereafter, under another name 
and with a different form ; for, as they 
advance in the geological ages, they 
not only assume the curved outline with 
ever closer whorls till it culminates in 
iho compact coil of the Ammonites of 
the middle jwriods, but the partitions, 
which are perfectly plain walls in these 
earlier forms, become scalloped and in- 
voluted along the edges in the later 
ones, making the most delicate and 
exquisite tracery on the surface of the 
sheU. 
Of Articulates we find only two classes, Worms 
and Crustacea. Insects there were none, — for, 
as we have seen, this early world was wholly 
marine. There is little to he said of the 
Worms, for their soft bodies, unprotected by. 
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auy hard covering, could hardly be preserved ; 
hut, like the marine Worms of our own times, 
they were in the habit of constructing enveV- 
for themselves, built of sand, or Bome- 
.4imes from a secretion of their own bodies, and 
se cases we find in the earliest deposits, giving 
assurance that the Worms were represented 
re. I should add, however, that many im- 
[j^ressions described as produced by Worms are 
aore likely to have been the tracks of Crustacea. 
But by far the most characteristic class of Ar- 
ticulatOG in ancient times were the Cmstaceans. 
The Trilobites stand in the same relation to the 
modern Crustacea as the Crinoida do to the mod>- 
ern Echinoderms, They were then the sole rep- 
resentatives of the class, and the variety and riob- 
of the type are most extraordinary. Thej 
of nearly equal breadth for the whole 
length of the body, and rounded at the two 
ends, so as to form an oval outline, To give any 
adequate idea of the number and variety of spe- 
cies would fill a volume, but I may enumerate 
some of the more striking differences : as, for in- 
stance, the greater or less prominence of the an- 
terior shield, — the preponderance of the poste- 
rior end in some, while in others the two ends 
are nearly equal, — the presence or absence of 
prongs on the shield and of spines along the 
■ides of the body, — appendages on the head in 
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some species, of which others are entirely desti- 
tute, — and the smooth outline of some, while in 
otliers the surface is broken by a variety of ex- 
terual ornamentation. Such are a few of tlie 
more prominent differences among them. But 
the general structural features are the same in 
all. The middle region of the body is always 
divided in uniform rings, lobed in the middle so 
as to make a ridge along the back with a slight 
depression on either side of it. It is from this 
three-Iobed division that they receive their name. 
The subjoined wood-out represents a characl 
istic Silurian Trilobite. 

There is no group more 
prominent in the earliest cre- 
ations than this one of the 
Trilobites, and so exclusively 
do they belong to them, that, 
as we shall see, in proportion 
as the later representatives 
of the class come in, these 
old-world Crustaceans drop 
out of the ranks, fall behind, 
as it were, in the long pro- 
cession of animals, and are left in the ancient 
Even in the Carboniferous period but 
few are to be found : they had their day in the 
Silurian and Devonian ages. In consequence of 
their solid estorior, the preservation of these 
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Is is very complete; and their attitudes are 
ofteu GO natural, and the condition of all their 
parts BO perfect, that one would say they had 
died yesterday rather tlian countlesa centuries 



— Jypei 
■b-yo 



Their geological history has been very thor- 
.ghly studied ; not only are we familiar with 
all their adult characters, but eTen their embry- 
ology is well known to naturalists. It is, indeed, 
wonderful that the mode of growth of animals 
which died out in the Carboniferous period should 
better known to us than that of many living 
types. But it is nevertheless true that their em- 
:yonic forms have been found perfectly pre- 
yed in the rocks, and Barrande, in his *' Sys- 
'Hme Silurien de la Bohemc," gives us all the 
stages of tlieir development, from the time when 
the animal is merely sketched out as a simple 
furrow in the embryo to its mature condition. 
So complete is the sequence, that the plate on 
which their embryonic changes are illustrated 
contains more than thirty figures, all represent- 
ing different phases of their growth. There is 
DOt a living Crab represented so fully in any of 
Bcientific works as is that one species of Tri- 
ite whoso wliole story Barraude has traced 
im the egg to its adult size. Such facts should 
:e tjiose who rest their fanciful theories of the 
and development of life on tlie iraperfec- 









ir<^fM i* ^ ^rirv>a%. utd. a* h shibs id 
in^iifMAfit on^. W<; ildJl find do 
in^it ; Wi4 ti^ w</uld be a daring, not to saj a 
un^Mtu\A,nh%i% thinker, who would Tentnre id re- 
0ffu»imni a fiJih of the .Silurian age from anj 
reniainit tiad are left t^j us. But still we find 
eriouKli t/> UidlvAiUi clearly the style of those old 
fjrfiCK, ftiid t/> rfiow, by comparison with the liTing 
iyv^^f to what j^roup of modem times thoy be- 
long. Wo rtiould naturally expect to find the 
VcrUsbratcH introduced in their simplest form; 
but thiH IH by no meanH the case : the common 
fiMhcH, an Cod, IhirrinK, Mackerel, and the like, 
wore unknown in thoHc days. 

But there are two groupH of so-called fishes, 

difforniK from Unwo by some marked features, 

-mong which wo may find the modern representr 

70B of thoHO oarlioHt Vertebrates. Of these 

d groupi one oonHists chiefly now of the Gar- 
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! of onr Western waters, though the Stur- 

[ share also in some of their features. In 

B fishes there is a singular imion of reptilian 

1 fish-like characters. The systems of circii- 

1 and of respiration in them are more com- 

sated than in the common fishes ; the stnio- 

3 of the skull resemhles that of the skull in 

tiles, and they have other reptilian characters, 

I as their ability to move the head upon the 

t independently of the body, and the connec- 

t of the vertebrae by ball-and-socket joint, in- 

>f by inverted cones, as in the ordinary 

Their scales are also peculiar, being cov- 

1 by enamel so hard, that, if struck with steel, 

they will emit sparks like flint. It is on account 

of this peculiarity that the whole group has been 

c^llpd Ganoid. Now, though we have not found 

Hftyet any complete specimens of Silurian fishes, 

Hpnr disconnected remains are scattered profusely 

^B the early deposits. The scales, parts of the 

baokbone, parts of the skull, the teeth, are found 

in a tolerable state of preservation ; and these in- 

ions, fragmentary as they are, give us the 

1 the character of the most ancient fishes. 

■ge proportion of them were no doubt Gran- 

; for they had the same peculiar articulation 

le vertebra;, the flexibility of the neck, and 

I hard scales so characteristic of our Gar- 
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There is another type of these ancient Verte- 
brates which has also its representatives among 
our modem fishes. These are the Sharks and 
Skates, or, as the Greeks used to call them, the 
Selachians, — making a very appropriate distinc- 
tion between them and common fishes, on ac- 
count of the difference in the structure of the 
skeleton. In Selachians the quality of the bones 
is granular, instead of fibrous, as in fishes ; the 
arches above and below the backbone are formed 
by flat plates, instead of the spines so character- 
istic of all the fish proper ; and the skull consists 
of a solid box, instead of being built of overlap- 
ping pieces like the true fish-skull. They differ 
also in their teeth, which, instead of being im- 
planted in the bone by a root, as in fishes, are 
loosely set in the gum without any connection 
with the bone, and are movable, being arranged 
in several rows one behind another, the back rows 
moving forward to take the place of the front 
ones when the latter are worn off. They are un- 
like the common fishes also in having the back- 
bone continued to the very end of the tail, which 
is cut in uneven lobes, the upper lobe being the 
longer of the two, while the terminal fin, so con- 
stant a feature in fishes, is wanting. The Se- 
lachians resemble higher Vertebrate types not 
only in the small number of their eggs, and in 
the closer connection of the young with the 
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mother, but also in their embryological develop- 
ment, which has many features in common with 
■ i^t of birds and turtles. Of tliis group, also, 
B find numerous remains in the ancient geolo^- 
i deposits ; and thougli we have not the means 
of distinguishing the species, we have ample evi- 
dence for determining the type. 

This combination of higher with lower fea- 
tures in the earlier organic forms is very striking, 
and becomes still more significant when we find 
that many of the later types recall the more an- 
cient ones. I have called these more eompre- 
liensive groups of former times, combining char^ 
acters of different classes, synthetic or prophetic 
types ; and we might as fitly give the name of 
retrospective types to many of the later groups, 
for they recall the past, as the former anticipate 
tJie future. And it is not only among the Fishes 
and the Reptiles that we find these combinations. 
^^jlie most numerous of the ancient Radiates are 
^■^ A.calephian Corals, combining, in the Hydroid 
^Knn, the Polyp-like mode of life, habits, and gen- 
^^(ral appearance with the structure of Acalephs. 
The Crinoids, with the closed cups in some, and 
the open, star-hke crowns in others, unite fea- 
a of the present Star-Pishes and SearUrcbins, 
id, by their stem attaching them to the ground, 
olttde also a Polyp-like chai-acter ; while the 
ilobites, with their uniform rings and their 
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prominent anterior shield, unite oharaetaw of 
Worms and Crustacea. 

These early types seem to sketch in broad, gm- 
eral characters the Greatiye purpose, and to in- 
clude in the first average expression of tiie jian 
all its structural possibilities. The Grinoid forms 
include the thoii^t of the modem Star-Fishes 
and Sea-Urchins; the simple chambered shells 
of the Silurian anticipate ihe more complicated 
structure of the later ones ; the Trilobites ffvt 
the most comprehensive expression of tibe Articu- 
late type ; while the eariy Fishes not only proph- 
esy the Reptiles which are to come, but also hint 
at Birds and even at Mammalia by their ^nbry- 
onic development and their mode of reproduc- 
tion. 

Looked at from this point of view, the animal 
world is an intellectual Creation, complete in all 
its parts, and coherent diroughout ; and when we 
find, that, although these ancient types have be- 
come obsolete and been replaced by modem ones, 
yet there are always a few old-fSeishioned individ- 
uals, left behind, as it were, to give the key to 
the history of their race, as the QaivPike, for in- 
stance, to explain the ancient Fishes, the Mille- 
pore to explain the old Acalephian Corals, the 
Nautilus to be the modern expcment of the Am- 
monites and Orthoceralites of past times, we can- 
not avoid the impression that this Creative work 
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has been intended aJso to be educational for Man, 
and to teacb hiip his own relation to the organic 
world. The embryology of the modern types 
confinns this idea, for here vo find an epitome 
of their geological history. The embryo of the 
present Star-Fishes recalls the Crinoids ; the em- 
bryo of the Crab recalls the Trilobites ; the em- 
bryo of the Vertebrates, includhig even that of 
the higher Mammalia, recalls the ancient Fishes. 
Does not this fact, that the individual animal in 
its growth recalls the history of its type, prove 
that the Creative Thoiight in its immediate pres- 
ent action embraces all that has gone before, as 
its first organic expression included all that was 
to come ? The etiidy of Nature in its highest 
meaning shows us the present doubly rich wiA 
lUI the past, and the past linked and interwoven 
with the present, not lying divorced and dead 
behind it. 

I have spoken of the Silurian heach as if there 
were but one, not only because I wished to limit 
my sketch, and to attempt at leaet to give it the 
mdness of a special locality, but also because a 
^gla such shore will give us as good an idea of 
a characteristic fauna of the time as if we drew 
' malarial from a wider range. There are, 
■Jwwever, a great number of parallel ridges be- 
ing to the Silurian and Devonian periods, 
iDning from east to west, not only through the 
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State of New York, but far beyond, through the 
States of Michigan and Wisconsin into Minne- 
sota ; one may follow nine or ten such successive 
shores in unbroken lines, from the neighborhood 
of Lake Champlain to the Par West. They have 
all the irregularities of modem sesrshores, run- 
ning up to form little bays here, and jutting out 
in promontories there; and upon each one are 
found animals of the same kind, but differing in 
species from those of the preceding. 

Although the early geological periods are more 
legible in North America, because they are ex- 
posed over such extensive tracts of land, yet they 
have been studied in many other parts of the 
globe. In Norway, in Germany, in Prance, in 
Russia, in Siberia, in Kamtschatka, in parts of 
South America, in short, wherever the civilizar 
tion of the white race has extended, Silurian de- 
posits have been observed, and everywhere they 
bear the same testimony to a profuse and varied 
creation. The earth was teeming then with life 
as now, and in whatever corner of its surface the 
geologist finds the old strata, they hold a dead 
fauna as numerous as that which lives and moves 
above it. Nor do we find that there was any 
gradual increase or decrease of any organic forms 
at the beginning and close of the successive peri- 
ods. On the contrary, the opening scenes of 
every chapter in the world's history have been 
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crowded with life, and its last leaves as full and 
varied as its first. 

' I tiiink the impresaioii that tlie faimro of tho 
irly geological periods were more scanty than 
loso of later times arises partly from the fact 
the present creation is made a standard 
t comparison for all preceding creations. Of 
rse, the collections of living types in any 
iseum must be more numerous than tliose of 
I forms, for the simple reason that almost 
) whole of the present siirfaco of tho earth, 
with the animals and plants inhabiting it, is 
known to us, whereas the deposits of the Silui'ian 
ind Devonian j)eriods are exposed to view only 
wer comparatively limited tracts and in discon- 
i regions. But let us compare a given ex- 
nt of Silurian or Devonian sea-shore with an 
hoal extent of sea-shore belonging to our own 
I and we shall soon be convinced that the 
i populous as the other. On the New- 
England coast there are about one hundred and 
fifty different kinds of fishes, in the Gulf of Mex- 
( two hundred and fifty, in the Eed Sea about 
Wo may allow in present times an 
ige of two hundred or two hundred and fifty 
ifferent kinds of fishes to an extent of ocean 
covering about four hiuidred miles. Now I hare 
made a special study of the Devonian rocks of 
"Worthera Europe, in tho Baltic and along the 
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shore of the German Ocean. I hare icmnA in 
those deposits alone one hundred and ten IdndB 
of fossil fishes. To judge of the total number 
of species belonging to those early ages by the 
number known to exist now is about as reason- 
able as to infer that because Aristolley familiar 
only with the waters of Greece, recorded less 
than three hundred kinds of fishes in his limited 
fishing-ground, therefore these were all the fishes 
then living. The fishing-ground of the geologist 
in the Silurian and Devonian periods is even 
more circumscribed than his, and belongs, be- 
sides, not to a living, but to a dead world, far 
more diflScult to decipher. 

But the sciences of Geology and Palseontology 
are making such rapid progress, now that they 
go hand in hand, that our familiarity with past 
creations is daily increasing. We know already 
that extinct animals exist all Over the world: 
heaped together under the snows of Siberia, — 
lying thick beneath the Indian soil, — foimd 
wherever English settlers till the ground or work 
the mines of Australia, — figured in the old En- 
cyclopaedias of China, where the Chinese philoso- 
phers have drawn them with the accuracy of their 
nation, — built into the most beautiftd temples 
of classic lands, for even the stones of the Par- 
thenon are ftdl of the fragments of these old fos- 
sils, and if any chance had directed the attention 
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of Aristotle towards them, the sdenoe of Pali&- 
ontology would not hare waited for its founder 
till Cuvier was bom, — in short, in eyeiy comer 
of the earth where the inyestigations of civilized 
men have penetrated, from the Arctic to Patago- 
nia and the Cape of Good Hope, these relics tell 
us of successiye populations lying far behind our 
own, and belonging to distinct periods of the 
world's history. 



III. 

THE PERN FORESTS OP THE CARBON- 

IPEROUS PERIOD. 

DRAW two lines on your map, the upper one 
running from the mouth of the St. Law- 
rence westward nearly to St. Paul on the Missis- 
sippi, and the lower one from the neighborhood 
of St. John's in Newfoundland, running south- 
westerly about to the pomt where the Wisconsin 
joins the Mississippi, but jutting down to form an 
extensive peninsula comprising part of the States 
of Indiana and Illinois, and you include between 
them all of the United States which existed at 
the close of the Devonian period. The upper 
line rests against the granite hills dividing the 
Silurian and Devonian deposits of the British 
Possessions to the north from those of the United 
States to the south, Canada itself consisting, in 
great part, of the granite ridge. 

How far the early deposits extended to the 
north of the Laurentian Hills, as well as the out- 
line of that portion of the continent in those 
times, remains still very problematical ; but the 



THE FEES FOEESTS. 65 

iavestigations thus far undertaken in those re- 
gions would lead to the supposition that the same 
granite upheaval which raised Canada stretched 
northward in a hroad, low ridge of land, widen- 
ing ill its upper part and extending ta the neigh- 
borhood of Eathurst Lilet and King William's 
Island, while on either side of it, to the east and 
west, the Silurian and Devonian deposits ex- 
tended far toward the present outlines of the 
continent. These fundamental relations of the 
continents are admirably presented by Professor 
Guyot in his charming volume entitled, " Earth 
and Man." 

Indeed, our geological surveys, as well as the 
information otherwise obtained concerning the 
primitiye condition of North America and the 
gradual accessions it has received in more recent 
periods, point to a very early circumscription of 
the area which, in the course of time, was to he- 
come tlie continent we now inhabit, with its mod- 
em features. Not only fi'om the geology of 
America, but from that of Europe also, it would 
seem that the position of the continents was 
sketched out very early in the progressive devel- 
opment of the physical constitutiou of our earth. 
It is true that in the present state of our knowl- 
edge such wide generalizations must be taken 
with caution, and held in abeyance to the addi- 
l facts which future investigations may de- 
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velop. But thus far the results certainly do not 
sustam the theories which have lately found favor 
among geologists, of entire changes in the relar 
tive distribution of land and sea and in the con- 
nection of continents with one another ; on the 
contrary, it would appear, that, in accordance 
with the laws of all organic progress, arising from 
a fixed starting-point and proceeding through 
regular changes toward a well-defined end, the 
continents have grown steadily and consistently 
from the beginning, through successive accessions 
-in a definite direction, to their present form and 
organic correlations. If, indeed, there is any 
meaning in the remarkably symmetrical combi- 
nations of the double twin continents in the 
Eastern Hemisphere, so closely soldered in their 
northern half, as contrasted with the single pair 
in the Western Hemisphere, isolated in their po- 
sition, but so strikingly similar in their outlines, 
they must be the result of a progressive and pre- 
determined growth already hinted at in the relar 
tive position and gradual increase of the first 
lands raised above the level of the ocean. 

However this may be, th6re can be no doubt 
that we now know with tolerable accuracy the 
limits of the land raised above the water in the 
earlier geological periods in the present United 
States. Let us see, then, what we enclose be- 
tween our two lines. We have Newfoundland 
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and Nova Scotia, the greater part of New Eng- 
land, the whole of New York, a nan-ow strip 
along the north of Ohio, a great part of Indiana 
and Illinois, and nearly the whole of Michigan 
and Wisconsin. 
L. Within this region lie all the Great Lakes. 
B^he origin of these large troughs, holding such 
I immense sheets of fresh water, remains still the 
subject of discussion and inTestigation among - 
geologists. It has been supposed that, in the 
primitive configuration of the globe, when the 
formation of those depressions at the poles in 
which the Arctic seas are accimiulated gave rise 
to a corresponding protrusion at the equator, the 
curve thus produced throughout the North Tem- 
perate Zone may have forced up the Canada 
granite, and have caused, at the same time, those 
ints in the earth's surface now filled by the 
; aud this view is sustained by the 
tthat there is a belt of lakes, among which, 
wever, the Canada lakes are far the largest, all 
round the world in that latitude. The gcologi- 
, phenomena connected with all these lakes 
Iftve not, however, been investigated with suflS- 
Fiident accuracy and detail, nor has there been any 
comparison of them extensive and comprehensive 
enough to justify the adoption of any theory re- 
specting their origin. In an excursion to Lake 
laperior, some years since, I satisfied myself that 
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the positioii and outline of that particiilar lake 
had their immediate cause in several distinct sys- 
tems of dikes which intersect its northern shore, 
and have probably cut up the whole tract of rock 
over the space now filled by that wonderful sheet 
of fresh water in such a way as to destroy its 
continuity, to produce depressions, and gradually 
create the excavation which now forms the basin 
of the lake. How fiEir the same causes have been 
effectual in producing the other large lakes I am 
unable to say, never having had the opportunity 
of studying their formation with the same care. 

The existence of the numerous smaller lakes 
running north and south in the State of New 
York, as the Canandaigua, Seneca, Cayuga, etc., 
is more easily accounted for. Slow and gradual 
as was the process by which all that region was 
lifted above the ocean, it was, nevertheless, ac- 
companied by powerful dislocations of the strati- 
fied deposits, as we shall see when we examine 
them with reference to the local phenomena con- 
nected with them. To these dislocations of the 
strata we owe the transverse cracks across the 
central part of New York, which needed only the 
addition of the fresh water poured into them by 
the rains to transform them into lakes. 

I shall not attempt any account of the differ- 
ences between the animals of the Devonian period 
and those of the Silurian period, because they 
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consist of Structural details difficult to p 
a popular form aiid mjinteresting to aU but the 
professional naturalist. Suffice it to say, that, 
though the organic world had the same general 
character in these two closely allied periods, yet 
its representatives in each were specifically dis- 
tmot, and their differences, however sUght, are 
as constant and as definitely marked as those be- 
tween more widely separated creations. 

At tlie close of the Devonian period, several 
upheavals occurred of great significance for the 
future history of America. One in Ohio raised 
the elevated ground on which Cincinnati now 
stands ; another hUl lifted its granite crest in 
Missouri, raising with it an extensive tract of Si- 
lurian and Devonian deposits ; while a smaller 
one, which does not seem, however, to have dis- 
turbed the beda about it so powerfully, broke 
through ia Arkansas. At the same time, eleva- 
tiona took place toward the East, — tlie first links, 
few and detached, in the great AUeghaiiy chain 
which now raises its rocky wall from New Eng- 
land to Alabama. 

In the Ohio hill, the granite did not break 

through, though the force of the upheaval was 

I such as to rend asunder the Devonian deposits, 

we find them lying torn and broken about the 

I of the hill ; while the Silurian beds, which 

lould underlie them in their natural position, 
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form its centre and summit. This accounts for 
the great profusion of Silurian organic remains 
in that neighborhood. Indeed, there is no local- 
ity which forces upon the observer more strongly 
the conviction of the profusion and richness of 
the early creation. One may actually collect the 
remains of Silurian Shells and Crustacea by cart- 
loads around the city of Cincinnati. . A natural- 
ist would find it diflScult to gather, along any 
modem sea-shore, even on tropical coasts, where 
marine life is more abundant than elsewhere, so 
rich a harvest, in the same time, as he will bring 
home from an hour's ramble in the environs of 
that city. 

These elevations naturally gave rise to depres- 
sions between themselves and the land on either 
side of them, and caused also so many counter- 
slopes dipping toward the uniform southern slope 
already formed at the north. Thus between the 
several new upheavals, as well as between them 
all and the land to the north of them, wide ba- 
sins or troughs were formed, enclosed on the 
south, west, and east by low hills, (for these more 
recent eruptions were, like all the early upheav- 
als, insignificant in height,) and bounded on 
the north by the more ancient shores of the pre- 
ceding ages. 

These were the inland seas of the Carbonifer- 
ous period. Here, again, we must infer the sue- 
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Icesflive stages of a history which we can read 
only in its results. Shut out from the ocean, 
tiiese shallow sea-basins were gradually changed 
by the rains to fresli-watcr lakes ; the lakes, in 
their turn, underwent a transformation, becom- 
ing filled, in the course of centuries, with the 
materials worn away from their shores, with the 
dSbris of the animals which lived and died in 
their waters, as well as with the decaying matter 
from aquatic plants, till at last they were changed 
to spreading marshes, and on these marshes arose 

»flie gigantic fern-vegetation of which the first for- 
eeta chiefly consisted. Such are the separate 
chapters in the history of the coal-basins of Illi- 
nois, Missouri, Pennsylvania, Now England, and 
Nova Scotia. First inland seas, then fresh-water 
iBrkes, then spreading marshes, then gigantic for- 

Hoests, and lastly vast storehouses of coal for the 

^Bliuman race. 

W Altliougli coal-beds are hy no means peculiar 
to the Carboniferous period, since such deposits 
must be formed wherever the decay of vegetation 
is going on extensively, yet it would seem that 
coal-making was the great work in that age of 
the world's physical history. The atmospheric 

^K^nditions, so far as we can understand thorn, 

^Brere tlien especially favorable to this result. 

^VThougb tlie existence of such an extensive ter- 
restrial vegetation shows conclusively that an atr 
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mosphere must have been already established, 
with all the attendant phenomena of light, heat, 
air, moisture, etc., yet it is probable that this 
atmosphere differed firom ours in being very 
largely charged with carbonic acid. 

We should infer this from the nature of the 
animals characteristic of the period ; for, though 
land-animals were introduced, and the organic 
world was no longer exclusively marine, there 
were as yet none of the higher beings in whom 
respiration is an active process. In all warm- 
blooded animals the breathing is quick, requiring 
a large proportion of oxygen in the surrounding 
air, and indicating by its rapidity the animation 
of the whole system ; while the slow-breathing, 
cold-blooded animals can live in an air that is 
heavily loaded with carbon. It is well known, 
however, that, though carbon is so deadly to 
higher animal life, plants require it in great 
quantities ; and it would seem that one of the 
chief oflSces of the early forests was to purify the at- 
mosphere of its undue proportion of carbonic acid, 
by absorbing the carbon into their own substance, 
and eventually depositing it as coal in the soil. 

Another very important agent in the process 
of purifying the atmosphere, and adapting it to 
the maintenance of a higher organic life, is found 
in the deposits of Ume. My readers will excuse 
me, if I introduce here a very elementary chemi« 
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cal fact to explain this statement. Limestone is 
carbonate of calcium. Calcium is a metal, i\iai- 
ble as such, and, forming a part of tho molted 
masses within tlie earth, it was thrown ont with 
the eruptions of Plutonic rocks. Brought to the 
air, it would appropriate a certain amount of 
oxygen, and by that process would become oxide 
of calciujn, in which condition it combines very 
readily with carbonic acid. Thus it becomes car- 
bonate of lime ; and all lime deposits played an 
important part in establishing the atmospheric 
proportions cBsontial to the existence of the 
warm-blooded animals. 

Such facts remind us how far more compre- 
hensive the results of Bcionce will become when 
the different branches of scientific investigation 
are pursued iu connection with each other, 
chemists havo brought their knowledge 
of their special laboratoricB into tlie labora- 
tory of tho world, where chemical combinations 
are and have been through all time going on iu 
Buch vast proportions, — when phyBicists study 
the laws of moisture, of clouds and storms, in 
it periods as well as in the present, — when, in 
ipt, geologists and zoologists are chemists and 
lysicists, and viceversd, — then wc shall learn 
of the changes the world has uudergono 
is possible now that they aro separately 
id. 
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It may be asked, how any clew can be found 
to phenomena so evanescent as those of clouds 
and moisture. But do we not tiuce in the old 
deposits the rain-storms of past times? The 
heavy drops of a passing shower, the thick, crowd- 
ed tread of a splashing rain, or the small pin- 
pricks of a close and fine one, — all the story, in 
short, of the rising vapors, the gathering clouds, 
the storms and showers of ancient days, we find 
recorded for us in the fossil rain-drops ; and when 
we add to this the possibility of analyzing the 
chemical elements which have been absorbed into 
the soil, but which once made part of the atmos- 
phere, it is not too much to hope that we shall 
learn something hereafter of the meteorology 
even of the earliest geological ages. 

The peculiar character of the vegetable tissue 
m the trees of the Carboniferous period, contain- 
ing, as it did, a Lirge supply of resin drawn from 
the surrounding elements, confirms the view of 
the atmospheric conditions above stated; and 
this fact, as well as the damp, soggy soil in which 
the first forests must have grown, accounts for 
the formation of coal in greater quantity and 
more combustible in quality than is found in the 
more recent deposits. But stately as were those 
fern forests, where plants which creep low at our 
feet to-day, or are known to us chiefly as imder- 
brush, or as rushes and grasses in swampy 
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Eonds, grew to the height of lofty troes, yet 
Tegetation ■was of an inferior kind. 
There has been a gradation in time for the 
vegetable as well as the animal world. With the 
marine popiilation of the more ancient geological 
jges we find nothing but sea-weeds, — of great 
ttiety, it is true, and, as it would seem, from 
me remains of the marine Cryptogams in early 
times, of immense size, as compared with modem 
eearweeds. But in the Carboniferous period, the 
^^llaiitE, though still requiring a soaked and marshy 
^bil, were aerial or atmospheric plants : they were 
^Bbrered with leaves ; they breatiied ; tbeir fruoti- 
^^Rjation was like that which now characterizes the 
Ferns, the club-mosses, and the so-called " horse- 
tail plants," (^EquisetacecE,') those grasses of low, 
mp grounds, remarkable for the strongly marked 
ticulations of the stem. 
] These were the lords of the forests all over the 
porld in the Carboniferous period. Wherever 
) Carboniferous deposits have been traced, in 
e United States, in Canada, in England, Franco, 
lelgium, Germany, in New Holland, at the Cape 
T Good Hope, and in South America, the gen- 
ral aspect of the vegetation has been found to 
be the same, though characterized in the different 
localities by specific differences of the same na- 
ture as those by which the various florie are dis- 
inguishc J now in different parts of the same zone. 
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For instance, the Temperate Zone throughout the 
world is characterized by certain families of trees : 
by Oaks, Maples, Beeches, Birches, Pines, etc. ; 
but the Oaks, Maples, Beeches, Birches, and the 
like, of the American flora in that latitude differ 
in species from the corresponding European flora. 
So in the Carboniferous period, when more uni- 
form climatic conditions prevailed throughout the 
world, the character of the vegetation showed a 
general unity of structure everywhere; but it 
was nevertheless broken up into distinct botanical 
provinces by specific differences of the same kind 
as those which now give such diversity of appear- 
ance to the vegetation of the Temperate Zone in 
Europe as compared with that of America, or to 
the forests of South America as compared with 
those of Africa. 

There can be no doubt as to the true nature 
of the Carboniferous forests ; for the structural 
character of the trees is as strongly marked in 
their fossil remains as in any living plants of the 
same character. We distinguish the Ferns not 
only by the peculiar form of their leaves, often 
perfectly preserved, but also by the fructification 
on the lower surface of the leaves, and by the 
distiuct marks made on the stem at their point 
of juncture with it. The leaf of the Pern, when 
falling, leaves a scar on the stem varying in shape 
and size according to the kind of Fern, so that 
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Ie botanist readily distinguishes any particular 
ecies of Pern by this means, — a birth-mai'k, as 
■were, by wliicb he detects the parentage of the 
dividual. Another indication, equally signifi- 
nt, is found in the tubular structure of the 
wood in Ferns. On a vertical section of any 
well-preserved Fcrn-truuk from the old forests 
tfie little tubes may be seen very distinctly ruu- 
5 up its length ; or, if it bo cut through trans- 
icly, they may be traced by the little pores 
iie dots on the surface. Trees of this descrip- 
are found in the Carboniferous marshes, 
mding erect and perfectly preserved, with 
iks a foot and a half in diameter; rising to a 
height of many feet. Plants so strongly bitumi- 
nous as the Ferns, when they equalled in size 
Fny of our present forest-trees, natui'ally made 
1 deposits of the most combustible quality, 
is true that we find the anthracite coal of the 
tame period with comparatively little bituminous 
matter ; but this is where the bitumen has been 
destroyed by the action of the internal heat of 
the earth. 

Neit to the Ferns, the Club-Mosses (^Lf/copo- 
iUacece) seem to have contributed most largely to 
&e marsh-forests. They were characterized, 
then, as now, by the small size of the leaves 
rowing close against the stem, so that the stem 
relf, though covered with leaves, looks almost 
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naked, like the stem of the Cactus. Beside 
these, there are the tree-like Equiseta, in which 
we find the articulations on the trunk correspond- 
ing exactly to those now so characteristic of 
those marsh-grasses which are the modem repre- 
sentatives of this family of plants, with cone-like 
fructifications on the summit of the stem. 

I would merely touch here upon a subject 
which does not belong to my own branch of Nat- 
ural History, but is of the greatest interest in 
botanical research, namely, the gradation of 
plants in the geological ages, and the combina- 
tion of characters in some of the earlier vege- 
table forms, corresponding to that already no- 
ticed in the ancient animal types. For instance, 
in the Carboniferous period we have only Cryp- 
togams, Ferns, Lycopodiaceae, and Equisetacesd. 
In the middle geological ages, Coniferae are intro- 
duced, the first flowering plant known on earth, 
but in which the flower and fruit are very imper- 
fect as compared with those of the higl^er groups. 
The Coniferae were chiefly represented in the 
middle periods by the Cycadae, that peculiar 
group of Coniferae, resembling Pines in their 
structure, but recalling the Ferns by their exter- 
nal appearance. The stem is round and short, 
its surface being covered with scars similar to 
those of the Ferns ; while on the summit are ten 
or more leaves, fan-like and spreading when their 
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Hjlrowtb is complete, but rolled up at Urgt, liko 
piPfani-leaves before they expand. Their fruit re- 
sembles somewliat the Pine-Apple. 

The mode of growth of the Coniferse recalls a 
feature of the Equisetacese also, in the tufts of 
little leaves which appear in whorls at regular in- 
tervals along the length of the stem in proportion 
as it elongates, remindhig one of the articulations 
on the stem of the Equisctace£e. The first cone 
also appears on the summit of tlie stem, like the 
tfflminal cone in the Equisetaoefe and tlie Club- 
Thus in certain types of the vegetable, 
J well as the animal creation of earlier times, 
Siere was a combination of features, afterwards 
rided and presented in separate ^oups. In 
I present times, no one of these fiimilies of 
jite overlaps the others, but each has a distinct 
iadivldual character of its own. 

At the close of the middle geological ages and 
the opening of the Tertiary periods, the Monoco- 
tyledons become abundant, the first plants with 
flower and enclosed seed, though with no true 
floral envelope ; but not until the two last epochs 
of the Tertiary ago do wo find in any number the 
Dicotyledonous plants, in which flower and fruit 
rise to their highest perfection. Thus there has 
been a procession of plants, from their earliest in- 
troduction to the present day, corresponding to 
r botanical rank as they now exist, so that the 
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series of gradation in the Vegetable Eongdom, as 
well as the Animal Kingdom, is the same, whether 
founded upon succession in time or upon com- 
parative structural rank. 

Some attempt has been made to reproduce un- 
der an artistic form the aspect of the world in 
the different geological ages, and to present in 
single connected pictures the animal and vege- 
table world of each period. Professor F. Unger, 
of Vienna, has prepared a collection of fourteen 
such sketches, entitled, "Tableaux Physiono- 
miques de la V^g^tation des Diverses P^riodes 
du Monde Primitif." 

First, we have the Devonian shores, with spread- 
ing fields of sea-weed and numbers of the club- 
shaped Algae of gigantic size. He has ventured, 
also, to represent a few trees, with scanty foliage ; 
but I believe their existence at so early a period 
to be very problematical. 

Next comes the Carboniferous fbrest, with stiU 
pools of water lying between the Fern-trees, 
which, much as they afiect damp, swampy 
grounds, seem scarcely able to find foothold on 
the di'ipping earth. Their trunks, as well as 
those of the Club-Moss trees which make the 
foreground of the picture, stand up free from 
any branches for many feet above the groimd, 
giving one a glimpse between them into the dim 
recesses of this quiet, watery wood, where the 



THE CARBONIFEROUS PERIOD. 81 

loe was unbroken by the song of birds or the 

of insects. We shall find, it is true, when 

give a glance at the animals of this time, that 

in insects made their appearance with the 

'Brst terrestrial vegetation ; but they were few in 

Domber and of a peculiar kind, such as thrive 

now in low, wet lands. 

Upon this follow a number of sketches intro- 
ducing us to the middle periods, where the land 
is higher and more extensive, covered chiefly 
'with Pine-forests, beneath which grows a thick 
carpet of underbrush, consisting mostly of 
Grasses, Rushes, and Perns. Here and there 
one of the gigantic reptiles of the time may be 
seen Buniiing himself on the shore. One of these 
eketches shows us such a creature hungrily in- 
specting a pool where Crinoids, with their long 
stems, large, closely-coiled Chambered Shells, 
and Brachiopods, the Oysters and Clams of those 
dflfB, offer him a tcmptmg repast. Here and 
Pterodactyl, tho curious winged reptile 
the later middle periods, stretches its long 
from the water, and birds also begin to 
make their appearance. 

After these come tlio Tertiary periods: the 
Eocene first, where tbo landscape is already 
broken up by hills and mountains, clothed with a 
varied vegetation of comparatively modern char- 
Lily-pads are floating on tlie stream 
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which makes the central part of the picture; 
large herds of the Palaootherium, the ancient 
Pachyderm, reconstructed with such accuracy by 
Guvier, are feeding along its banks ; and a tall 
bird of the Heron or Pelican kind stands watch^ 
ing by the water's edge. In the Miocene the 
vegetation looks still more familiar, though the 
Elephants, roaming about in regions Of the Tem- 
perate Zone, and the huge Salamanders, crawling 
out of the water, remind us that we are still far 
removed from present times. Lastly, we have* 
the ice period, with the glaciers coming down to 
the borders of a river where large troops of Buf- 
falo are drinking, while on the shore some Bears 
are feasting on the remains of a huge carcass. 

It is, however, with the Carboniferous age that 
we have to do at present, and I will not antici- 
pate the coming chapters of my story by dwelling 
now on the aspect of the later periods. To re- 
turn, then, to the period of the coal, it would 
seem that extensive freshets frequently over- 
flowed the marshes, and that even after many 
successive forests had sprung up and decayed 
upon their soil, they were still subject to submer- 
gence by heavy floods. These freshets, at certain 
internals, are not difficult to understand, when 
we remember, that, beside thfe occasional influx 
of violent rains, the earth was constantly under- 
going changes of level, and that a subsidence or 
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Upheaval in the neighborhood would disturb the 
equilibrium of tlie waters, causing them to over- 
Bow and pour over the surface of the country, 
thus inundating the marshes anew. 

That sucli was the case we can hardly doubt, 
after the facts revealed by recent investigatious 
of the Carboniferous deposits. In some of the 
deeper coal-beds there is a regular alternation 
between layers of coal and layers of sand or clay ; 
in certain localities, as many as ten, twelve, and 
even fifteen coal-beds have been found alternat- 
ing with as many deposits of clay or mud or 
sand ; and in some instances, where the trunks 
of the trees are hollow and have been left stand- 
ing erect, they are filled to the brim, or to the 
height of the next layer of deposits, with the 
materials that have been swept over them. Upon 
this set of deposits comes a new bed of coal with 
the remains of a new forest, and above this again 
a layer of materials left by a second freshet, and 
BO on through a number of alternate strata. It 
is evident from these facts that there has been a 
succession of forests, one above another, but that 
in the intervals of their growth great floods have 
poured over the marshes, bringing with them all 
kinds of loose materials, such as sand, pebbles, 
clay, mud, lime, etc., which, as the freshets sub- 
sided, settled down over the coal, fiUuig not only 
the spaces between such trees as remained stand- 
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ing, but even the hollow truuks of the trees 
themselves. 

Let us give a glance now at the animals which 
inliabited the waters of this period. In the Ra- 
diates we shall not find great changes ; the three 
claBsee are continued, though with new represen- 
tatives, and the Polyp Corals are increasing, while 
the Acalephian Corals, the Rugosa and Tabulata, 
are diminishing. The Crinoids were still the 
most prominent ropresentativos of the class of 
Echinoderms, though some resembling the Ophi- 
urans and Echinoids (Sea-Urchins) began to 
make their appearance. The adjoining wood-cut 
represents a characteristic Crinoid of the Carboik-H 
iferc 

Among the Mollusks, 
ehiopodfi are still prominent,' 
one new genus among them, the 
Frodnctiis, being very remark- 
able on account of the manner 
ill which one valve rises above 
tlie other. The following wood- 
cut represents such a shell, 
looked at from the side of the 
tlut valve, showing the straight 
cut of the line of juncture b 
tween the valves and the risi 
curve of the opposite 
whicli looks like a liooked beak when see 
profile. 
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Other species of Bivalves 
were also introduced, ap- 
pi-oaching more nearly our 
Clams and Oysters, or, as 
tliey are called in scientific 
nomenclature, the Lamelli- 
branchiates. They differ 
from the Brachiopods chiefly in the higher char- 
acter of their breathing-apparatus ; for they have 
free giUs, instead of the net-work of vessels on 
the lining sMn which serves as the organ of res- 
piration in the Brachiopods. Wo shall always 
find, that, in proportion as the functions, are dis- 
tinct, and, as it were, individualized by hiving 
special organs appropriated to them, animals rise 
in the scale of structure. The next class of Mol- 
lusks, the Gastoropods, or Univalves, with spiral 
shells, were numerous, but, from their brittle 
character, are seldom found in a good state of 
presei-^'ation. 

The Chambered Shells, or the Cephalopods, 

iresented chiefly in the earlier periods by the 

BJght Orthoceratites de- 
ribed in a previous article, 

I now curled in a elosi; 

, and the internal struc- 

1 of their chambers has 

I more complicated. 

e subjoined wood-cut rep- 
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resents a characteristic Chambered Shell of 
Carbouifcrous age. Goiiiatites is the scieni 
name of these later forms. If we had looked for 
ihem in tlie Devonian period, we should have 
found many with looser coils than these, and 
some only slightly curved in the shape of a bom. 
These, as well as the perfectly straight forms, 
still exist in the coal period, but the GoniatiteB 
with close whorls are the more numerous 
more characteristic. 

The Articulates have gained their missing < 
ednce the close of the Devonian period, for 
sects have come in, and that division of the 
mal Kingdom is therefore complete, and 
scnted by three classes, as it ia at present, 
the Worms little can be said ; their traces 
found as before, but they are very imperfectly 
pi-eserveii. Tlicro are still Trilobites, but they 
are very few in number, and 
other groups of Grustacea 
have boon added. 

One of the most proHUnei«4| 
of these new types bears 
striking resemblance to 
Horse-Shoo Crab of pres( 
times. I here present one of 
our coromon Horse-Shoe Crabs 
above one of these old-world 
Crustaceans, and it will be 
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t while tlie latter' 
rrea some of the Trilo- 
"Bitic characters, such as the 
marked articulations on the 
posterior part of the hody 
(ttd.their division into three 
Jea,yet, in the prominence 
its anterior shield, its 
lore elongated form, and 
tapering extremity, it resembles its modi.'i 

ratativo. In some of them, liowevcr, tliere is 
I such sharp point as is here figured, and the 
terminates bluntly. There were a large 
' -nomber of these Entomostraca in tlie Carbonif- 
erous period, a group which is chiefly ropi'esentcd 
among living Crustacea by an exceedingly mi- 
■jl^mte kind of Shrimp ; but in those days they 
) of the size of our Crabs and Lobsters, or 
1 larger, and the Horse-Shoe Crab still main- 
ins their claim 

D a place among 

^e loi'gcr and 

tore conBpicuou s 

)ers of the 
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which seeks a moist atmosphere, or whose li 
live altogetlier in water. They are not usi 
well preserved, as will be seen &om the broken 
character of the oue here represented, although 
the wood-cut is mado from a better specimen 
than is often found. We have, however, re- 
mains enough to establish unquestionably the 
fact of their existence in the Carboniferous pe- 
riod, and to show us that the type of Articulf 
was already represented by all its classes. 
Not so with the Vertebrates. Fishes 
but their class still consists, as before, of the Ga^ 
noids, those fishes of the earlier periods built on 
the (Jar-Pike and Sturgeon pattern, and the Sela- 
cliians, represented now by Sharks and Skates. 
In the Carboniferous period we begin to find per- 
fectly preserved specimens of the Ganoids, and 
the adjoining 
wood-cut rep- 
resents such a 
one. Of the 
old type of 
Selachians we 
have again one 
lingering representative in our own times to give 
us the clew to its ancestors, — as the Gar-Pike 
explahis the old Ganoids, and the Chambered 
Nautilus helps us to understand the Chambered _ 
Shells of past times. The so-called Port-Jackf 




THE CABBOKIFEBOUS PERIOD. 



89 



Itfihark has features which were very charact«r- 

Tisdc of the Carboniferous Sharks and are lost in 

the modern ones, so that it affords us a sort of 

link, as it were, and a measure of comparison, 

between those now hting and the more ancient 

^L.forms. It is an interesting fact that this only 

^Bfering representative of the Carboniferous Shark 

F-diould be found in New Holland, because it is 

ttiere, in that isolated continent, left apart, as it 

would seem, for a special purpose, that we find 

reproduced for us most fully the character of the 

Animal Kingdom in earlier creations. 

The first Mammalia in the world were pouched 
animals, having that extraordinary attachment 
to the mother after birth which characterizes the 
Kai^aroo. Id Xew Holland almost all the Mam 
mali& are pouched, and have also the imperfect 
oi^anization of the brain, as compared with the 
other Mammalia, which accompanies that pecu- 
liar structural feature ; and altliough the Amer- 
ican Opossum makes an exception to the rule, 
it ie neTcrthcless true that this type of the Ani- 

KBial Kingdom is now confined almost exclusively 
to New Holland. Whether this living picture of 
old creations in modern garb was meant to be 
educational for man or not, it is at least well 
that we should take advantage of it in learning 
_ all it has to teach us of the relations between the 
inic world of past and present times. 
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There were a great variety of the Selachii 
a the Carboniferous period. The wood-cuts 
ow ropi-useut a tooth and a spine from one of the 







most ch;triicteristic groups, but I 
have not thought it -worth while 
to euumorato or to figure others 
here, for there are no perfect spe- 
cimens, and their structural dif- 
ferences consist chiefly in the 
various form and appearance of 
the teeth, scales, and spines, and would ho -n 
teresting to most of my readers. I would refer-i 
the more scientific ones, who may care to know i, 
Bomcthing of these details, to my investigations 
on Fossil Fishes, published many years since 
under tlie title of " Recherches sur les Poissons _ 
Fossil es." 

Although the Vertebrate division of the Ani-i 
mal Kingdom still waited for its higher classes, J 
yet it had received one important addition sincai 
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1 Silurian and Devonian periods. The Car- 

miferouB marshes were not without their roj)- 

i inhabitmits ; but tliey were Reptiles of the 

■ class, tlio so-called Amphibians, those 

\i are hatched from the egg in an immattire 

£tion, undergoing metamorplioais after birth. 

f have no hard scales, and lay a large num- 

E (rf eggs. I am unable to present any figure 

! o£ these ancient Reptiles, as they are 

in so imperfect a state of preservation that 

i have been made from them. I would 

1 connection with this subject, that I believe 

3 number of animals found in the Carbon- 

8 deposits, and referred to the class of Rep- 

y be Fishes allied to Saurians. 

e leaving the Carboniferous period, let us 

it territory the United States has con- 

i from the Ocean during that time. All its 

portion, from Canada to Alabama, and 

from Western Iowa, Missouri, and ArkanEas to 

Eastern Virginia, was raised above the water. 

But as yet the Alleghanics and the Rocky Moun- 

i did not exist ; a great gulf ran up to the 

th of the Ohio, for the Mississippi had not 

. accimiulated the soil for the fertile valley 

rough which it was to take its southern course ; 

I Coral- Builders had still their work to do in 

•ucting the peninsula of Florida ; and, in- 

Bed, all the borders of the contmeut of North 
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America, as well as a large part of its Western 
territory, were still to be added. But although 
its central portion held its ground and was never 
submerged again, yet the continent was slowly 
subsiding during the middle geological periods, 
so that, instead of enlarging gradually by the inr 
crease of deposits, its limits remained much the 
same. 

This accounts for the very scanty traces to be 
found in America of the secondary deposits ; for 
the Permian, Triassic, and Jurassic beds, instead 
of being raised to form successive shores, along 
which their deposits could be accumulated in reg- 
ular sequence, as had been the case with the 
Azoic, Silurian, and Devonian deposits in the 
northern part of the United States, were con- 
stantly sinking, so that the Triassic settled above 
the Permian, the Jurassic above the Triassic, and 
so on, each set of strata thus covering over and 
concealing the preceding one. Though we find 
the stratified rocks of these periods cropping out 
here and there, where some violent disturbance 
or the abrading action of water has torn asunder 
or worn away the overlying strata, yet we never 
find them consecutively over any extensive re- 
gion ; and it is not till the Cretaceous and earlier 
Tertiary periods that we find again a regular suc- 
cession of deposits around the shores of the con- 
tinent, marking its present outlines. It is, then, 
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in Europe, where the sequence of their beds is 
most complete, that we must seek to decipher the 
history of the middle geological ages ; and there- 
fore, when I meet my readers again, it will be in 
the Old World of civilization, though more recent 
in its physical features than the one we leave. 



IV. 

MOUNTAINS AND THEIR ORIGIN. 

A CHAPTER on mountains will not be an 
inappropriate introduction to that part of 
the worid's history on which we are now enter- 
ing, when the great inequalities of the earth's 
sur&ce began to make their appearance ; and be- 
fore giving any special account of the geological 
succession in Europe, I will say something of the 
formation of mountains in general, and of the 
men whose investigations first gave us the clew 
to the intricacies of their structure. It has been 
the work of the nineteenth century to decipher 
the history of the mountains, to smooth out these 
wrinkles in the crust of the earth, to show that 
there was a time when they did not exist, to de- 
cide at least comparatively upon their age, and to 
detect the forces which have produced them. 

But while I speak of the reconstructive labors 
of the geologist with so much confidence, because 
to my mind they reveal an intelligible coherence 
in the whole physical history of the world, yet I 
am well aware that there are many and wide gaps 
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in OUT knowledge to be filled up. All the at- 
tfimpts to represent the appearance of the earth 
ID past periods by means of geological maps are, 
of course, but approximations of the truth, and 
will compare with those of future times when 
rtie phenomena are better understood, much as 
ijur present geographical maps, the resiilt of re- 
peated surveys and of the most accurate meas- 
urements, compare with those of the ancients. 

Homer's world was a flat expanse, surrounded 
bj* ocean, of which Greece was the centre. Asia 
Minor, the ^gean Islands, Egypt, part of Italy 
Bad Sicily, the Mediterranean and the Blaclt Sea 
filled out and completed his map. 

Hecatieus, the Greek historian and geographer, 
who Uved more than five hundred years before 
Christ, had not enlarged it much. He was, to be 
sure, a voyager on the Mediterranean, and had 
an idea of the extent of Italy. Acqnointance 
with Phcenician merchants also had enlarged his 
knowledge of the world ; Sardinia, Corsica, and 
Spain wore known to him, and he was familiar 
with tlie Black and Rod Seas; though an in- 
dentation on his map in the neighborhood of the 
Caspian would seem to indicate that Ito was 
aware of the existence of this sea also, il^ is not 
otherwise m^ked, 

Herodotus makes a considerable advance be- 
yond bis predecessors: the Caspian Sea has a 
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place on his map ; Asia is sketched out, includ- 
ing the Persian Gulf, with the large rivers pour- 
ing into it; and the course of the Ganges is 
traced, though he makes it flow east and empty 
into the Pacific, instead of turning southward 
and emptying into the Indian Ocean. 

Eratosthenes, two centuries before Christ, is 
the first geographer who makes some attempt to 
determine the trend to the land and water, pre- 
senting a suggestion tliat the earth is broader in 
one direction than in the other. In his map he 
adds also the geographical results derived from 
the expeditions of Alexander the Great. 

Ptolemy, who flourished in Alexandria in the 
reign of Hadrian, is the next geographer of emi- 
nence, and he shows us something of Africa ; for, 
in his time, the Phoenicians, in their commercial 
expeditions, had sailed far to the south, had 
reached the termination of Africa, with ocean 
lying aU aroimd it, and had seen the sun to the 
north of them. This last assertion, however, 
Ptolemy does not credit, and he is as sceptical of 
the open ocean surrounding the extremity of Af- 
rica as modern geographers and explorers have 
been of the existence of Kane's open Arctic Sea. 
He believes that what the Phoenician traders took 
to be the broad ocean must be part of an inland 
sea, corresponding to the Mediteranean, with 
which he was so familiar. His map includes 
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also England, Ireland, and Scotland ; and Iue 
Ultima Tbule is, no doubt, the Hebrides of our 

Our present notions of the past periods of the 
world's history probably bear about the same re- 
lation to tlie truth that these ancient geographi- 
cal maps bear to the modern ones. But this 
should not discourage us, for, after all, those 
maps were in the main true as far as they went ; 
and as the ancient geographers were laying the 
foundation for all our modern knowledge of the 
present conformation of the globe, so are the 
geologists of the nineteenth century preparing 
_ the gi'ound for future investigators, whose work 
1 be as far in advance of theirs as are the de- 
jations of Carl Hitter, the great master of 
physical geography in our age, in advance of the 
lap drawn by the old Alexandrian geographer, 
fre shall have our geological explorers and dis- 
irerers in the lands and seas of past times, as 
) have had in those of the present, — our Oo- 
mbuses, our Captain Cooks, our Livingstones 
" in geology, as we have had in geography. There 
are undiscovered continents and rivers and in- 
land seas in the past world to exercise the iuge- 
, courage, and perseverance of men, after 
\iej shall have solved all the problems, sounded 
I the depths, and scaled all the heights of tha 
sent surface of the earth. 
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What has been done thus far is chiefly to clas- 
sify the inequalities of the earth's surface, and to 
detect the different causes which have produced 
them. Foldings of the earth's crust, low hills, 
extensive plains, mountain-chains and narrow 
valleys, broad table-lands and wide valleys, local 
chimneys or volcanoes, river-beds, lake-basins, in- 
land seas, — such are some of the phenomena 
'^hich, disconnected as they seem at first glanCe, 
have nevertheless been brought under certain 
principles, and explained according to definite 
physical laws. 

Formerly men looked upon the earth as a unit 
in time, as the result of one creative act, with all 
its outlines established from the beginning. It 
has been the work of modem science to show 
that its inequalities are not contemporaneous or 
simultaneous, but successive, including a law of 
growth, — that heat and cold, and the consequent 
expansion and contraction of its crust, have pro- 
duced wrinkles and folds upon the surface, while 
constant oscillations, changes of level which are 
even now going on, have modified its conforma- 
tion, and moulded its general outline through 
successive ages. 

In thinking of the formation of the globe, we 
must at once free ourselves from the erroneous 
impression that the crust of the earth is a solid, 
steadfast foundation. So far from being immov- 
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able, it has beca coustantlj heaviug and falling ; 
and if we are not impressed by its osciUationa, it 
is because they are not bo regular or bo evident 
to our senses as the rise and fall of the sea. The 
disturbances of the ocean, and the periodical 
advance and retreat of its tides, are known to 
our daily experience ; we have seen it tossed into 
great billows by storms, or placid as a lake when 
undisturbed. But the crust of the earth also has 
had its stornis, to which the tempests of the sea 
are as nothing, — which have thrown up moun- 
tain waves twenty thousand foct high, and lixed 
them where they stand, perpetual memorials of 
the convulsions that upheaved them. Conceive 
an ocean wave tliat should roll np for twenty 
thousand feet, and be petrified at its greatest 
he^ht : the mountains are but the gigantic waves 
raised on the surface of the land by the geologi- 
cal tempests of past times. Besides these sudden 
storms of the earth's surface, there have been its 
gradual upheavals and depressions, going on now 
steadily as ever, and which may be compared 
the regular action of the tides. These, also, 
ive had their share in determining the outlines 
of the continents, the height of the lands, and 
the depth of the seas. 
Leaving aside the more general phenomena, let 
now at the formation of mountains espe- 
[y. I have staled in a previous article that 
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the relative position of the stratified and unsl 
tified rocks gives us the key to their comparati' 
age. To explain this I must enter into some de- 
tails respecting the arrangement of stratified do- 
posits on mountain -slopes and in mountain-chains, 
taking merely theoretical cases, however, to illus- 
trate phenomena which we shall meet with re- 
peatedly in actual facts, when studying special 
geological formations, 

"We have, for 

stance, in Figure 1. 
central granite moun- 
tain, with a succession 
of stratified beds slop- 
ing against its sidt 
■while at its base are deposited a number of hoi 
zontal beds which have evidently never been 
torbed from the position in which they were oi 
inally accumulated. The reader will at oai 
perceive the method by which the geologist 
cides upon the ago of such a mountain. 
finds the strata upon its slopes in regular su] 
position, the uppermost belonging, we will sup-' 
pose, to the Triassic period ; at its base he finds 
undisturbed horizontal deposits, also in regular 
superposition, belonging to the Jurassic and CreW 
taoeous periods. Therefore, he argues, 
mountain must have been uplifted after the 
assic and all preceding deposits were form* 
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since it has broken its way through them, and 
forced them out of their natural position ; and it 
must have been previous to the Jurassic and Cre- 
taceous deposits, since they have heen acciimu- 
lated peacefully at its base, and have undergone 
no such perturbations. 

The task of the geologist would he an easy 
one, if all the problems he has to deal with were 
as simple as the case I have presented here ; but 
the most cursory glance at the intricacies of 
mountain-structure will show us how difficult it 
is to trace the connection between the phenom- 
ena. We must not form an idea of ancient 
mountain-upheavals from existing active volca- 
noes, although the causes which produced them 
were, in a somewhat modified sense, the same. 
Our present volcanic mountains are only chim- 
neys, or narrow tunnels, as it were, pierced in 
the thickness of the earth's surface, through 
which the molten lava pours out, flowing over 
the edges and down the sides and hardening 
upon the slopes, so as to foim conical elevations. 
The mountain-ranges upheaved by ancient erup- 
tions, on the contrary, are folds of the earth's 
surface, produced by the cooling of a compara^ 
tively thin crust upon a hot mass. The first 
effect of this cooling process would be to cause 
contractions ; the next, to produce corresponding 
protrusions, — for, wherever such a shrinking and 



102 MOUNTAINS AND THEIB ORIGIN. 

subsidence of the crust occurred, the consequent 
pressure upon the melted materials beneath must 
displace them and force them upward. While 
the crust continued so thin that these results 
could go on without very violent dislocations, — 
the materials within easily finding an outlet, if 
displaced, or merely lifting the surface without 
breaking through it, — the efiect would be mode- 
rate elevations divided by corresponding depres- 
sions. We have seen this kind of action, during 
the earlier geological epochs, in the upheaval of 
the low hills in the United States, leading to the 
formation of the coal-basins. 

On our return to the study of the American 
continent, we shall find in the Alleghany chain, 
occurring' at a later period, between the Carbon- 
iferous and Triassic epochs, a good illustration 
of the same kind of phenomena, though the ac- 
tion of the Plutonic agents was then much more 
powerful, owing to the greater thickness of the 
crust and the consequent increase of resistance. 
The folds forced upward in this chain by the sub- 
sidence of the surface are higher than any pre- 
ceding elevations; but they are nevertheless a 
succession of parallel folds divided by correspond- 
ing depressions, nor does it seem that the dis- 
placement of the materials within the crust was 
so violent as to fracture it extensively. 

Even so late as the formation of the Jura 
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mountains, between the Jurassic and Cretaceous 

periods, the character of the uplieaval is the 

same, though there are more cracks at right 

angles with the general trend of the cham, and 

here and there the masses below have broken 

tbrongh. But the chain, as a whole, consiets of 

a Buccessiou of parallel folds, forming long domea 

pr arches, divided by longitudinal valleys. The 

Jleys represent the subsidences of the crust ; 

lea are the corresponding protrusions re- 

[iltiiig from these subsidences. The lines of 

intle undulation in this chain, so striking in 

mtrast to the rugged and abrupt character of 

ftie Alps immediately opposite, are the result of 

bis niodc of formation, 

, After the crust of the earth Iiad grown so 

Euck, as it was, for instance, iu the later Tertiary 

nods, when the Alps were uplifted, such an 

■uption could take place only through the 

^ncy of an immense force, and the extent of 

^e fracture would be in proportion to the.resiat- 

^Uice opposed. It is hardly to be doubted, from 

flie geological evidence already collected, that 

the whole mountain-range from Western Europe 

through the continent of Asia, including the 

js, the Caucasus, and the Himalayas, was 

ised at the same time. A convi.ilsion that thus 

) a gigantic rent across two continents, giv- 

r egress to three such mountain-ranges, must 
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bare been accompanied by a thousand 
aad breaks in contrary directiona. Such a 
ore along bo extensive a tract could not be eqi 
everywhere ; the various thicknesses of the 
the greater or less flexibility of the deposits, tlie' 
direction of the pressure, would give rise to an 
infinite variety in the results ; accordingly, in- 
stead of the long, even arclies, such as character- 
ize the earlier upheavals of the Alleghauies and 
the Jura, there are violent dislocations of the sur- 
face, cracks, rents, and fissures in all directione, 
transverse to the general trend of the uphea^ 
as well as parallel with it. 

Leaving aside for the moment the more baffling 
and intricate problems of the later mountain-for- 
mations, I will first endeavor to explain the sim- 
pler phenomena of the earlier uplieavals. 

Suppose that the melted materials within 
earth are forced up against a mass of stratij 
deposits, the direction of the pressure being 
fectly vertical, as represented in 
Figure 2. Such a pressure, if 
not too violent, would simply lift 
the strata out of their horizontal 
position into an arch or dome, 
(as in Figure 3,) and if contin- 
ued or repeated in immediate sequence, it would! 
produce a number of such domes, like long bil' 
lows following each other, such as we have in tha' 
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Jura. But though this is the 
preTailing character of the 
range, there are many instan- 
ces even here where an une- 
qual pressure has caused a 
rent at right angles with the general direction of 
the upheaval ; and one may trace the a.ction of 
this unequal pressure, from the luibroken arcb, 
where it has simply lifted the surface into a 
dome, to the granite crest, where tlie melted rock 
has forced its way out and crystallized between 
le broken beds that rest against its slopes. 
In other instances, the upper beds alone may 
nave been cracked, while the continuity of the 
lower ones remains unbroken. In this case we 
have a longitudinal valley on the top of a moun- 
tain-range, lying between the two sides of the 
broken arch (as in 
Figure 4) . Suppose, 
now, that there are 
also transverse cracks 
across such a longitu- 
dinal spht, we have 
thMi a longitudinal valley with transverse valleys 
opeiung into it. There 31*0 many instances of 
this in the Alleghanies and in the Jura. Some- 
times such transverse valleys arc cut straight 
across, so that their openings face each other ; 
often the cracks have taken ])Iacc at different 
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points on the opposite sides, bo that, in travelling 
through such a transverse valloy, you turn to the 
right or left, as the case may bo, where it enters 
the longitudinal valley, and follow that till you 
come ti> another transverse vaUoy opening into it 
from the opposite side, through which you make 
your way out, thus crossing the chain in a zigzag 
course (as in Fig- 
ure 5). Such val- 
leys are often much 
narrower at some 
points than at oth- 
ers. There are 
even places in the 
Jura where a rent 
in the chain begins with a mpre crack, — a slit 
but just wide enough to admit the blade of a 
knife ; follow it for a while, and you may find 
it spreading gradually into a wider chasm, and 
finally expanding into a valley perhaps half a mile 
wide, or even wider. 

By means of such cracks, rivers often pass 
through lofty mountaiu-chains, and when we 
come to the investigation of the glacial phenom- 
ena connected with the course of the Rhone, we 
shall find that river following the longitudinal 
vaUey which separates the northern and southern 
parts of the chain of the Alps tiU it comes to 
Martigny, where it takes a sharp turn to the 
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t through a transverse crack, flowing north- 

1 between walls fourteen thousand feet high, 

t enters the Lake of Geneva, through which 

isses, issuing at the other end, where it takea 

southern direction. For a long time moun- 

} supposed to ho the limitations of riv- 

I, and old maps represent them always as flow- 

g along the valleys without ever passing through 

Bjnoimtaiu-chains that divide them ; but geol- 

[liB fast correcting the errors of geography, 

!bniap which represents merely the external 

)f a country, wJtho\it reference to their 

1 relations, is no longer of any bi 



s not, however, by rents in mountain-chains 
le, or by depressions between them, that val- 
leys are produced ; they are often due to the un- 
equal hardness of the beds raised, and to their 
plater or less liability to be worn away and dis- 
d by the action of the rains. This ine- 
lity in the hardness of the rocks forming a 
fountain-range, not only adds very much to the 
niresqueness of outline, but also renders the 
idscape more varied through the greater or less 
jlity of the soil. On the hard rocks, where 
jHe soil can gather, there are only phies, or a 
, dwarfed growth ; but on the rocks of softer 
teriala, more easily acted upon by the rain, a 
iher soil gathers, and there, in the midst of 
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mountain-scenery, may be found the most fertile 
growth, the richest pasturage, the brightest flow- 
ers. Where such a patch of arable soil has a 
southern exposure on a mountain-side, we 
have a most fertile vegetation at a gr^ 
and surrounded by the dark pine-forests. 
of the pastures on the Alps, to which front 
to height the shepherds ascend with their 
in the summer, — seeking the higher ones as the 
lower become dry and exhausted, — are due to 
such alternations in the character of the rocks. 

In consequence of the influence of time, 
weather, atmospheric action of all kinds, the 
apparent relation of beds has often become so 
completely reversed that it is exceedingly diffi- 
cult to trace their original relation. Take, for 
instance, the following case. An eruption has 
upheaved the strata over a given surface in such 
a maimer as to lift them into a mountain, crack- 
ing open the upper beds, but leaving the lower 
ones unbroken. We have then a valley on a 
moimtain-summit between two crests resembling 
the one already shown in Figure 4. Such a nar- 
row passage between two crests may be changed': 
in the course of time to a wide expansive vaJQey 
by the action of the rains, frosts, and other disin* 
tegrating agents, and the relative position of the 
strata forming its walls may seem to be entirely 
changed. 
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Suppose, for example, that the two upper lay- 
ers of the strata rent apart by the upheaval of 
the mountain are limestone and sandstone, while 
tlie third is clay and the 
foui-th again limestone 
(as ill Figure 6). Clay 
is soft, and yields very 
readily to the action of 
Fig. fl. ram. In sucli a valley 

the edges of the strata formiug its walls are of 
course exposed, and the clay formation will be 
the first to give way under the action of external 
influences. Gradually the rains wear away its 
substance till it is completely hollowed out. By 
the disintegration of the bed beueath tliem, the 
lime and sandstone layers above lose their sup- 
port and crumble down, and this process goes ou, 
clay coustautly wearing away, and the lime 
sand above consequently falling in, till the 
upper beds have receded to a great distance, the 
valley has opened to a wide expanse instead of 
being enclosed between two walla, and the lowest 
limestone bed now occupies 
tlie highest position on the 
mountain. Figure 7 repre- 
sents one of the crests shown 
Fig. 7. in Figure 6, after such a level- 

ling process has changed its outlme. 

But the phenomena of eruptions in mountoin- 
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chains are far more difficult to trace than the 
effects thus gradually produced. Plutonic action 
has, indeed, played the most fantastic tricks with 
the crust of the earth, which seems as plastic in 
the grasp of the fiery power hidden within it as 
does clay in the hands of the sculptor. 

We have seen that an equal vertical pressure 
from below produces a regular dome, — or that, 
if the dome be broken through, a granite crest is 
formed, with stratified materials, resting against 
its slopes. But the pressure has often been 
oblique instead of vertical, and. then the slope of 
the mountain is uneven, with a gradual ascent 
on one side and an abrupt wall on the other ; or 
in some instances the pressure has been so lateral 
that the mountain is overturned and lies upon its 
side, and there are still other cases where one 
mountain has been tilted over and has fallen 
upon an adjoining one. 

Sometimes, when beds have been torn asunder, 
one side of them has been forced up above the 
other; and there are even instances where one 
side of a mountain has been forced under the 
surface of the earth, while the other has re- 
mained above. Stratified beds of rock are occa- 
sionally found which have been so completely 
capsized, that the layers, which were of course 
deposited horizontally, now stand on end, side by 
side, in vertical rows. I remember, after a leo- 
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tore on some of these extravagances in momi- 
tain-formations, a friend said to me, not inaptly, 
— "One can hardly help thinking of tliese ex- 
traordinary contortions as a succession of frantic 
frolics : the raountaiiis seem like a troop of rol- 
licking boys, hunting one another in and out and 
up and down in a gigantic game of hide-and- 
aeek," 

The -width of the arch of a mountain depends 

a great degree on the thickness and flexibility 
oi the beds of which it is composed. There is 
not only a great difference in the consistency of 
Gtratified material, but every variety in the thick- 
ness of the layers, from an inch, and even less, 
to those measuring from ten or twenty to one 
hundred feet and more iu depth, without marked 
«paration of the successive beds. This is ac- 
.ted for by the frequent alternatious of snb- 
£dence and upheaval ; the continents having 

ited sometimes in one direction, sometimes iu 
Another, so that in certain localities there has 
,ilteeQ much water and large deposits, while else- 

lere the water was shallow and the deposits 
_,_aB6qTieiitly less. Thin and flexible strata have 
-been readily lifted into a sharp, abrupt arch with 
narrow base, while the tluck and rigid beds have 
been forced up more slowly in a wider ai'ch with 
iffoader base. 

■Table-lands are only long unbroken fnkls of 
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the earth's surface, raised uniformlj and in one 
direction. It is the same pressure from below, 
which, when acting with more intense force in 
one direction, makes a narrow and more abrupt 
fold, forming a mountain-ridge, but, when acting 
over a wider surface with equal force, produces 
an extensive uniform elevation. If the pressure 
be strong enough, it will cause cracks and dislo- 
cations at the edges of such a gigantic fold, and 
then we have table-lands between two mountain- 
chains, like the Gobi in Asia between the Altai 
Mountains and the Himalayas, or the table-land 
enclosed between the Rocky Mountains and the 
coast-range of the Pacific shore. 

We do not think of table-lands as mountainous 
elevations, because their broad, flat surfaces re- 
mind us of the level tracts of the earth; but 
some of the table-lands are nevertheless higher 
than many moimtain-chains, as, for instance, the 
Gobi, which is higher than the Alleghanies, or 
tlie Jura, or the Scandinavian Alps. One of 
Humboldt's masterly generalizations was his esti- 
mate of the average thickness of the different 
continents, supposing their heights to be levelled 
and their depressions filled up, and he found that 
upon such an estimate Asia would be much 
higher than America, notwithstanding the great 
mountain-chains of the latter. The extensive 
table-land of Asia, with the moimtains adjoining 
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't, outweighed the AEeghanies, the Rocky Moun- 
1, the Coast-Chain, and the Andes. 



^ "When we compare the present state of our 
aiowledge of geological phenomena with that 
which prevaOed fifty years ago, it seems difficult 
to believe that so great and important a change 
can have been brought about in so short a time. 
lb was on German soil and by German students 
iftt the foundation was laid for the modern sci- 
ffice of systematic geology. 
' In the latter part of the eighteenth century, 
tensive mining operations in Saxony gave rise 
to an elaborate investigation of the soil for prac- 
tical purposes. It was found that tlie rocks con- 
sisted of a succession of materials following each 
other in regular sequence, some of which were 
utterly worthless for industrial purposes, while 
others were exceedingly valuable. The Musckel- 
^j^Jc formation, so called from its innumerable 
8 of shells, and a number of strata under- 
ing it, must be penetrated before the miners 
iched the rich veins of Kupferschiefer (copper 
kte), and below this came what was termed the 
i (dead weight), so called because it 
ined no serviceable materials for the useful 
ts, and had to be removed before the valuable 
coal lying beneath it, and making the 
B of the series, could be reached. But while 



114 MOUNTAINS AND THEIB OBIGXET. 

the workmen wrought at these successive layers - 
of rock to see what thej would yield for practical 
purposes, a man was watching their operations 
who considered the crust of the earth from quite 
another point of view. 

Abraham Gk)ttlob Werner was bom more than 
a century ago in Upper Lusatia. His very in* 
fancy seemed to shadow forth his future studies, 
for his playthings were the minerals he found in 
his father's forge. At a suitable age he was 
placed at the mining school of Freiberg in Sax- 
ony, and having, when only twenty-four years of 
age, attracted attention in the scientific world by 
the publication of an ^^ Essay on the Characters 
of Minerals," he was soon after appointed to the 
professorship of mineralogy in Freiberg. BSs lot 
in life could not have fallen in a spot more ad- 
vantageous for his special studies, and the enthu- 
siasm with which he taught communicated itself 
to his pupils, many of whom became his devoted 
disciples, disseminating his views in their turn 
with a zeal which rivalled the master's ardor. 

Werner took advantage of the mining opera- 
tions going on in his neighborhood, the blasting, 
sinking of shafts, etc., to examine critically the 
composition of the rocks thus laid open, and the 
result of his analysis was the establishment of the 
Neptunic school of geology alluded to in a pre- 
vious article, and so influential in science at the 
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doae of the eighteenth and the opening of the 
nineteenth century. From tho general character 
of these rocks, as well as the number of marine 
shells contained in thorn, he convinced himself 
that the whole series, including the Coal, the 
Ibdtliegende, the KupferscMefer, the Zechstfin, the 
Red Sandstone, and the Musekel-Kalk, liad been 
deposited under the agency of water, and were 
the work of the ocean. 

Thus far he was right, with the exception that 
he did not include the accumulation of niateriala 
by the local action of fresh water afterwards 
■ traced by Cuvier and Erogniart in tho Tertiary 
deposits about Paris, But from these data he 
went a step too far, and assumed that all rocks, 
KScept the modern lavas, must have been accu- 
'umlated by the sea, — believing even the gran- 
ites, porphyries, and basalts to have been depos- 
ited in the ocean and crystallized from the sub- 
stances it contained in solution. 

But, in the mean time, James Hutton, a Scotch 
geologist, was looking at phenomena of a like 
character from a very different point of view. 
^In the neighborhood of Edinburgh, where he 
^^ved, was an extensive region of trap-rock, — 
that is, of igneous rock, which had forced itself 
through tho stratified deposits, sometimes spread- 
ing in a coatinuous sheet over largo tracts, or 
^-splitting them open and filling all the interstices 
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and cracks so formed. Thus he saw igneous 
rocks not only covering or underlying stratified 
deposits, but penetrating deep into their struc- 
ture, forming dikes at right angles with them, 
and presenting, in short, all the phenomena be- 
longing to volcanic rocks in contact with strati- 
fied materials. He again pushed his theory too 
far, and, inferring from the phenomena immedi- 
ately about him that heat had been the chief 
agent in the formation of the earth's crust, he 
was inclined to believe that the stratified mate- 
rials also were in part at least due to this cause. 
I have alluded in a former number to the hot dis- 
putes and long-contested battles of geologists 
upon this point. It was a pupil of Werner's who 
at last set at rest this much vexed question. 

At the age of sixteen, in the year 1790, Leo- 
pold von Buch was placed under Werner's care 
at the mining school of Freiberg. Werner found 
him a pupil after his own heart. Warmly adopt- 
ing his teacher's theory, he pursued his geologi- 
cal studies with the greatest ardor, and continued 
for some time under the immediate influence and 
guidance of the Freiberg professor. His univer- 
sity studies over, however, he began to pursue his 
investigations independently, and his geological 
excursions led him into Italy, where his confi- 
dence in the truth of Werner's theory began to 
be shaken. A subsequent visit to the region of 
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extinct volcanoes in Auvcrgne, in the South of 
France, convinced him that the aqueous theory 
vas at least partially wrong, and that fire had 
been an active agent in tlie rock-formationa of 
past times. Tliis result did not change the con- 
victions of his master, Werner, who was too old 
or too prejudiced to accept the later views, which 
were nevertheless the result of the stimulus he 
himself had given to geological investigations. 

But Von Buch was indefatigable. For years 
he lived the life of an itinerant geologist. With 
a Ghirt and a pair of stockings in his pocket, and 
a geological hammer in his hand, he travelled all 
over Europe on foot. The results of his footr 
journey to Scandinavia were among his most im- 
portant contributions to geology. He went also 
to the Canary Islands ; and it is in his extensive 
work on the geological formations of these islands 
that he showed conclusively not only the Plutonic 
character of all unstratified rocks, but also that 
to tlieir action upon the stratified deposits the in- 
equalities of the earth's surface are chiefly due. 
He first demonstrated that the melted masses 
within the earth had upheaved the materials de- 
posited in layers upon its surface, and had thus 
formed the mountains. 

No geologist has ever collected a larger amount 
of facts than Von Buch, and to him we owe a 
great reform not only in geological nrinciples, 
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and cracks so formed. Thus he saw igneous 
rocks not only covering or underlying stratified 
deposits, but penetrating deep into their struc- 
ture, forming dikes at right angles with them, 
and presenting, in short, all the phenomena be- 
longing to Tolcanic rocks in contact with strati- 
fied materials. He again pushed his theory too 
far, and, inferring from the phenomena inmiedi- 
ately about him that heat had been the chief 
agent in the formation of the earth's crust, he 
was inclined to believe that the stratified mate- 
rials also were in part at least due to this cause. 
I have alluded in a former number to the hot dis- 
putes and long-contested battles of geologists 
upon this point. It was a pupil of Werner's who 
at last set at rest this much vexed question. 

At the age of sixteen, in the year 1790, Leo- 
pold von Buch was placed under Werner's care 
at the mining school of Freiberg. Werner found 
him a pupil after his own heart. Warmly adopt- 
ing his teacher's theory, he pursued his geologi- 
cal studies with the greatest ardor, and continued 
for some time under the immediate influence and 
guidance of the Freiberg professor. His univer- 
sity studies over, however, he began to pursue his 
investigations independently, and his geological 
excursions led him into Italy, where his confi- 
dence in the truth of Werner's theory began to 
be shaken. A subsequent visit to the region of 
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extinct volcanoes in Aiivergne, in the South of 
France, convinced him that the aqueoiia theory 
was at least partially wrong, and that fire had 
been an active agent in the rock-formation B of 
past times. This result did not change the con- 
victions of his master, Werner, who was too old 
or too prejudiced to accept the later views, which 
j^ere nevertheless the result of the stimulus he 
jelf had given to geological investigations. 
But Von Buch was indefatigable. For years 
he lived the hfo of an itinerant geologist. With 
a shirt and a pair of stockings in his pocket, and 
a geological hammer in his liand, he travelled all 
over Europe on foot. The results of his foot- 
jonmey to Scandinavia were among his most im- 
portant contributions to geology. He weut also 
to the Canary Islands ; ajid it is in his extensive 
work on the geological formations of these islands 
that he showed conclusively not only the Plutonic 
character of all unstratified rocks, but also that 
to their action upon the stratified deposits the in- 
' tequalities of the earth's surface are chiefly due. 
first demonstrated that the melted masses 
Irithin the earth had upheaved the materials de- 
Bitcd in layers upon its surface, and had thus 

i the mountains. 
No geologist has ever collected a larger amount 
f &cts than Von Buch, and to him we owe a 
reat reform not only in geological orinciples, 
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but in methods of study also. An amusing anec- 
dote is told of him, as illustrating his untiring 
devotion to his scientific pursuits. In studying 
the rocks, he had become engaged also in the in- 
yestigation of the fossils contained in them. He 
was at one time especially interested in the Tere- 
brcUtUcBj certain fossil shells found in great abun- 
dance in all stratified rocks, and one evening in 
Berlin, where he was engaged in the study of 
these remains, he came across a notice in a Swed- 
ish work of a particular species of that family 
which he could not readily identify without see- 
ing the original specimens. The next morning 
Yon Buch was missing, and as he had invited 
guests to dine with him, some anxiety was felt on 
accoimt of his non-appearance. On inquiry, it 
was found that he was already far on his way to 
Sweden : he had started by daylight on a pilgrim- 
age after the new, or rather the old, Terebratula. 
I tell the story as I heard it from one of the dis- 
appointed guests. 

All great natural phenomena impressed him 
deeply. On one occasion it was my good fortune 
to make one of a party fi'om the " Helvetic Asso- 
ciation for the Advancement of Science" on an 
excursion to the eastern extremity of the Lake of 
Geneva. I well remember the expressive gesture 
of Von Buch, a^ he faced tbe deep gorge through 
which the Ehon§ issues from the interior of the 
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While others were chatting and laughiDg 
wut him, he stood for a moment absorbed in 
t contemplation of the grandeur of the scene, 
len lifted his hat and bowed reverently before 
i mountains. 

t to Von Buch, no man has done more for 
a geology than EIhe de Beaumont, the great 
rench geologist. Perhaps the most important 
' bis generalizations is that by -which he has 
i^Ten us the clew to the limitation of the diffei^ 
,t epochs in past times by connecting them with 
e great revolutions in the world's history. He 
s shown us that the great changes in the aspect 
; globe, as well as in its successive sets of 
aJs, coincide with the mountain-upheavals. 
I might add a long list of names, American as 
s European, which will be forever honored 
! history of science for their contributions 
( geology in the last half-century. But I have 
intended only to close this chapter on mountains 
vrith a few words respecting tlio men who first in- 
vestigated their ultimate structural organization, 
1 eatabUshed methods of study in reference to 
I now generally adopted throughout the sci- 
c world. In my next article I shall proceed 
.ve some accoujit of special geological forma- 
i in Europe, and the gradual growth of that 
nitiflGnt. 
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partment also, and there will be no hesitation as 
to the use of words for which we shall then have 
a positive, definite meaning. 

Although the fivefold division of Werner, by 
which he separated the rocks into Primitive, 
Transition, Secondary, Alluvial, and Yolcanic, 
proved to be based on a partial misapprehension 
of the nature of the earth-crust, yet it led to 
their subsequent division into the three great 
groups now known as the Primary, or Palaeozoic, 
as they are sometimes called, because here are 
found the first organic remains, the Secondary, 
and tiie Tertiary. I have said in a previous arti- 
cle that the general unity of character prevailing 
throughout these three divisions, so that, taken 
from the broadest point of view, each one seems 
a unit in time, justifies the application to them 
of that term, Age^ by which we distinguish in 
human history those periods marked throughout 
by one prevailing tendency ; — as we say the age 
of Egyptian or Greek or Boman civilization, — 
the age of stone or iron or bronze. I believe that 
this division of geological history into these great 
sections or chapters is founded upon a recogni- 
tion of the general features by which they are 
characterized. 

Passing over the time when the first stratified 
deposits were accumulated under a universal 
ocean in which neither animals nor plants ex- 
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ted, there was aii age in tho physical history of 
e world when the lands consisted of low islands, 
— when neitlier great depths nor lofty heights 
diversified the surface of the earth, — when both 
the animal and vegetable creation, however nu- 
merous, was inferior to the later ones, and com- 
paratively uniform in character, — when marine 
^Jryptogams were the highest plants, and Fishes 
^Bore the highest animals. And this broad state- 
^Bent holds good for the whole of that time, even 
^though it was not without its minor changes, its 
new forms of animal and vegetable life, its variar- 
tions of level, its upheavals and subsidences ; for, 
nevertheless, through its whole duration, it was 
the age of low detached lands, — it was the age 
of Cryptogams, — it was the age of Fishes. From 

R beginning to its close, no higher type in the 
naal kingdom, no loftier group iu the vegetable 
T\d, made its appearance. 
There was an age in the physical history of the 
world when the patches of land already raised 
above the water became so united as to form large 
islands ; and though the aspect of tho earth re- 
tained its insular character, yet the size of the 
islands, their tendency to coalesce by the addition 
' constantly increasing deposits, and thus to 
jad into wider expanses of dry laud, marked 
B advance toward the formation of continents. 
B extension of the dry laud was brought about 
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not only by the gradual accumulation of mato- 
rials, but also by the upheaval of large tracts of 
stratified deposits ; for, though the loftiest moun- 
tain-chains did not yet exist, ranges like those 
of the Alleghanies and the Jura belong to this 
division of the world's history. During this time, 
the general character of the animal and vegetable 
kingdoms was higher than during the previous 
age. BeptUes, many and various, gigantic in 
size, curious in form, some of them recalling the 
structure of fishes, others anticipating birdlike 
features, gave a new character to the animal 
world, while in the vegetable world the reign of 
the aquatic Cryptogams was over, and terrestrial 
Cryptogams, and, later, Gymnosperms and Mono- 
cotyledonous trees, clothed the earth with foliage. 
Such was the character of this second age, from 
its opening to its close ; and though there are 
indications that, before it was wholly past, some 
low, inferior Mammalian types of the Marsupial 
kind were introduced,* and also a few Dicotyle- 
donous plants, yet they were not numerous or 

* I say nothing of the traces of Birds in the Secondary de- 
posits, because the so-called bird-tracks seem to me of very 
doabtfiil character ; and it is also my opinion that the remains 
of a feathered animal recently found in the Solenhofen litho- 
graphic limestone, and believed to be a bird by some naturalists, 
do not belong to a genuine bird, but to one of those sjmthetic 
types before alluded to, in which reptilian structure is combined 
with certain birdlike features. 
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striking enough to change the general aspect of 
the organic world. This age was throughout, in 
its physical formation, the age of large continen- 
tal idauds ; while in its organic character it was 
the age of Reptiles as the highest animal type, 
and of Gynmosperms and Monocotyledonoua 
plants as the highest vegetable groups. 

There was an age in the physical history of the 
world when great ranges of mountains bound to- 
gether in everlasting chains the islands which 
had already grown to continental dimensions, — 
when wide tracts of laud, hitherto insular in 
character, became soldered into one by the up- 
heaval of Plutonic masses which stretched across 
them all and riveted them forever with holts of 
granite, of porphyry, and of basalt. Thus did 
the Rocky Mountains and the Andes bind to- 
gether North and South America ; the Pyrenees 
united Spain to Prance ; the Alps, the Caucasus, 
the Himalayas bound Europe to Asia. The 
of Mammalia was now at the head of the 

imal kingdom ; huge quadrupeds possessed the 
earth, and dwelt in forests characterized by plants 
of a higher order than any preceding ones, — the 
Beeches, Birches, Maples, Oaks, and Poplars of 
the Tertiaries. But though the contiuents had 
assumed their permanent outlines, extensive 
tracts of land still remained covered with ocean. 
.d seas, sheets of water like the Mediterra- 
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nean, so unique in our world, were then numer- 
ous. Physically speaking, this was the age of 
continents broken by large inland seas ; while in 
the organic world it was the age of Mammalia 
among animals, and of extensive Dicotyledonous 
forests among plants. In a certain sense it waa 
the age of completion, — the one which ushered 
in the crowning work of creation. 

There was an age in the physical history of the 
world (it is in its infancy still) when Man, with 
the animals and plants that were to accompany 
him, was introduced upon the globe, which had 
acquired all its modern characters. At last the 
continents were redeemed from the water, and 
all the earth was given to this new being for his 
home. Among all the types born into the ani- 
mal kingdom before, there had never been one to 
which positive limits had not been set by a law 
of geographical distribution absolutely impassible 
to all. For Man alone those boundaries were 
removed. He, with the domestic animals and 
plants which were to be the companions of all his 
pilgrimages, could wander over the whole earth 
and choose his home. Placed at the head of cre- 
ation, gifted with intellect to make both animals 
and plants subservient to^ his destinies, his intro- 
duction upon the earth marks the last great divis- 
ion in the history of our planet. To designate 
these great divisions in time, I would urge, for 
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(lie reasons above stated, that the term which is 
indeed often, though not invariably, apphed to 
ibem, be exchisivelj adopted, — that of the Agea 
of Nature. 

But these Ages are themselves susceptible of 
subdivisions, which should also be accurately de- 
fined. What is the nature of tliese subdivisions ? 
They are all connected with sudden physical 
changes in the earth's surface, more or less lim- 
ited in their action, these changes being them- 
selves related to important alterations in the 
organic world. Altliough I have stated that one 
general character prevailed during each of the 
Ages, yet there was nevertheless a constant pro- 
gressive action running through them all, and at 
various intervals both the oi^nic and the physi- 
cal world received a sudden inipnlsc in conse- 
quence of marked and violent changes in the 
earth-crust, bringing up new elevations, while at 
the same time the existing animal creation was 
brought to a close, and a new set of beings was 
introduced. These chaiiges are not yet accu- 
rately defiued in America, because the age of her 
mountains is not Icuown with sufficient exactness ; 
but their limits have been very extensively traced 
in Europe, and this coincidence of the various 
upheavals with the introduction of a new popu- 
lation diifering entirely from the preceiling one, 
has been demonstrated so clearly, that it may be 
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considered as an ascertained law. What name, 
then, is most appropriate for the divisions thus 
marked by sudden and violent changes? It 
seems to me, from their generally accepted mean* 
ing, that the word Epoch or Era, both of which 
have been widely, though indiscriminately, used 
in geology, is especially applicable here. In their 
common use, they imply a condition of things 
determined by some decisive event. In speaking 
of human afiairs, we say, '' It was an epoch or an 
era in history," — or in a more limited sense, 
" It was an epoch in the life of such or such a 
man." It at once conveys the idea of an impor- 
tant change connected with or brought about by 
some striking occurrence. Such were those di- 
visions in the history of the earth when a violent 
convulsion in the surface of the globe and a 
change in its inhabitants ushered in a new aspect 
of things. 

I have said that we owe to Elie de Beaumont 
the discovery of this connection between the suc- 
cessive upheavals and the different sets of ani- 
mals and plants which have followed each other 
on the globe. We have seen, in the preceding 
article upon the formation of mountains, that the 
dislocations thus produced show the interruptions 
between successive deposits: as, for instance, 
where certain strata are raised upon the sides of 
a mountain, while other strata rest unconfarmablt/. 
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as it is called, above them at its base, — tliis term, 
unconformable, signifying merely that the two 
sets of strata are placed at an entirely dilTereiit 
angle, and must therefore belong to two distinct 
sets of deposits. But there are two series of 
geological facts connected with this result which 
are often confounded, though they ariae from 
very different causes. One is that described 
above, in which, a certain series of beds having 
been raised out of their natural horizontal posi- 
tion, another series has been deposited upon 
them, thus resting unconformably above. The 
other is where, one set of beds having been de- 
posited over any given region, at a later time, in 
consequence of a recession of the sea-shore, for 
instance, or of some other gradiial disturbance 
_ j)f the surface, the next set of beds accumulated 

'^ve them cover a somewhat different area, and 
therefore not conformable with the first, 

tOQgli parallel with them. This difference, 
■ slight, is sufficient to show that some 
ting of the ground on which they were accu- 

ojated must have taken place between the two 
J of deposits. 

This distinction must not be confounded with 
Sat made by Elie de Beaumont: we owe it to 
D'Orbigny, who first pointed out the importance 
of distinguishing the dislocations produced by 

fadual movements of the earth from those 
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. caused by mountoin-upheayals. The former are 
much more numerous than the latter, and in 
every epoch geologists have distinguished a num- 
ber of such changes in the surface of the earth, 
accompanied by the introduction of a new set of 
animals, though the changes in the organic world 
are not so striking as those which coincide with 
the mountain-upheavals. Still, to the eye of the 
geologist they are quite as distinct, though less 
evident to the ordinary observer. To these divis- 
ions it seems to me that the name of Period is 
rightly applied, because they seem to have been 
brought about by the steady action of time, and 
by gradual changes, rather than by any sudden 
or violent convulsion. 

It was my good fortune to be in some degree 
connected with the investigations respecting the 
limitation of Periods, for which the geology of 
Switzerland aflforded peculiar facilities. My early 
home was near the foot of the Jura, where I con- 
stantly faced its rounded domes and the slope by 
which they gently descend to the plain of Swit- 
zerland. I have heard it said that there is some- 
thing monotonous in the continuous undulations 
of this range, so diflferent from the opposite one 
of the Alps. But I think it is only by contrast 
that it seems wanting in vigor and picturesque- 
ness ; and those who live in its neighborhood be- 
come very much attached to the more peaceful 



THE GROWTH OF CONTINEtlTS. 131 



I character of its scenery. Perhaps my readers 
I will pardon the digresBion, if I interrupt our geo- 
logical discussion for a moment, to offer them a 
word of advice, though it bo uncalled for. I 
hare oilen been asked by friends who were in- 
tending to go to Europe, what is the most favor- 
able timo in the day and the best road to enter 
Switzerland in order to have at once the finest 
impression of the mountains. My answer is al- 
ways, — Enter it in the afternoon over tlie Jura. 
If you are fortunate, and have one of the bright, 
soft afternoons that sometimes show the Alps in 
their full beauty, as you descend the slope of the 
Jura, from which you command the whole pano- 
rama of the opposite range, you may see, as the 
day dies, the last shadow pass with strange rapid- 
ity from peak to peak of the Alpine summits. 
The passage is so rapid, so sudden, as the shadow 
vanishes from one height and appears on the 
nest, that it seems like the step of some living 
spirit of the mountains. Then, as the sun sinks, 
it sheds a brilliant glow across them, and upon 
that follows, — strangest effect of all, — a sudden 
pallor, an ashy paleness on the mountains, that 
has a ghastly, chilly look. But this is not their 
last aspect : after the sun has vanished out of 
sight, in place of the glory of his departiire, and 
—irfthe corpse-like pallor which succeeded it, there 
reads over the mountains a faint blush that dies 
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gradually into the Bight. These changes, *-^ the 
^orj, the death, the soft succeeding life, -^ really 
seem like something that has a spiritual^ exist- 
ence. While, however, I counsel my friends tx) 
see the Alps for the first time in the afternoon, 
if possible, I do not promise them that the hour 
will bring with it such a scene as I have tried to 
describe. Perfect sunsets are rare in any land ; 
but, nevertheless, I would advise travellers to 
choose the latter half of the day and a road over 
the Jura for their entrance into Switzerland.* 

It was from the Jura itself that one of the 
great epochs in the history of the globe received 
its name. It was in a deep goi^ of the Jura, 
that, more than half a century ago, Leopold von 
Buch first perceived the mode of formation of 
moimtains ; and it was at the foot of the Jura, 

* The two most imposiBg yiews of the Alps firom the Jura 
are those of Latoume, on the road from Pontarlier to Neufcha- 
tel, and of St. Cergues, on the road from Lons le Saulnier to 
Njon ; the next best is to be had above Boi^ean, on the road 
from Basle to Bienne. Very extensive views may be obtained 
from any of the summits in the southern range of the Jura; 
among which the Weissenstein above Soleure, the Chasseral 
above Bienne, the Chaumont above Neofchatel, the Chasseron 
above Gran9on, the Snchet above Orbe, the Mont Tendre or the 
Noirmont above Morges, and the Dole above Nyon, are the most 
frequented. Of all these points Chaumont is unquestionably to 
be preferred, as it commands at the same time an equally exten* 
sive view of the Bernese Alps and the Mont Blanc range. 



' THE GROWTH OF COXTLNENTS- 183 

^■ft the neighborhood of Xeafchatcl, tlmt tho in- 
^^bBtigations were made which first led to the 
I ncogoition of the changes connected with tlie 
Periods. As I shall have occasion heveafter to 
eater into this subject more at length, I will only 
allude briefly hero to the circumstauceB. In so 
dojn^ I am anticipating tho true geological order, 
_bocause I must ti'cat of the Jurassic and Creta- 
8 deposits, which are stiU far in advance of us ; 
8 it was by the study of these deposits that 
e circomscription of the Periods, as I have de- 
ped them above, was first ascertained, I must 
Uude to tliem in this connection. 

r the range of the Jura from the Lake of 

ofchatel, there seems to be but one unintep- 

i slope by which it descends to the shore of 

I lake. It will, however, be noticed by the 

lost careless observer that this slope is divided 

f ihe difference in vegetation into two strongly 

nrked bands of color: the lower and more 

[ descent being of a lighter green, whQe 

I upper portion is covered by tho deeper 

e of the forestrtrees, the Beeches, Buches, Ma^ 

, above which come tho Pines, When 

! vegetation is fully expanded, this marked 

ilong the whole side of tho range into 

3 broad bands of green, the lighter below and 

} darker above, becomes very strikhig. The 

•hter band represents tho cultivated jjortion of 
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the slope, the vineyards, the farms, the orchards, 
oovering the gentler, more gradual part of the 
descent ; and the whole of this cultivated tract, 
stretching a hundred miles east and west, belongs 
to the Cretaceous epoch. The upper slope of the 
range, where the forest-growth comes in, is Ju- 
rassic. Facing the range, you do not, as I have 
said, perceive any diflFerence in the angle of in- 
clination; but the border-line between the two 
bands of green does in fact mark the point at 
which the Cretaceous beds abut with a gentler 
slope against the Jurassic strata, which continue 
their sharper descent, and are lost to view be- 
neath them. 

This is one of the instances in which the con- 
tact of two epochs is most directly traced. There 
is no question, from the relation of the deposits, 
that the Jura in its upheaval carried with it the 
strata previously accumulated. At its base there 
was then no lake, but an extensive stretch of 
ocean ; for the whole plain of Switzerland was 
imder water, and many thousand years elapsed 
before the Alps arose to set a new boundary to 
the sea and enclose that inland sheet of water, 
gradually to be filled up by more modem accu- 
mulations, and transformed into the fertile plain 
which now lies between the Jilra and the Alps. 
If the reader will for a moment transport him- 
self in imagination to the time when the south- 
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em side of the Jurassic range sloped directly 
down to the ocean, he will easily understand how 
this second series of deposits was collected at its 
base, as materials are collected now along any 
sea-shore. They must of course have been ac- 
cumulated horizontally, since no loose materials 
eould keep their place even at so. moderate an 
angle as that of the present lower slope of the 
range ; but we shall see hereafter that there were 
many subsequent perturbations of this region 
and that these Cretaceous deposits, after they had 
become consolidated, were raised by later upheav- 
als from their original position to that which 
they now occupy on the lower slope of the Jura 
resting immediately, but in geological language 
tmamformably, against it. The two adjoining 
wood-cuts are merely theoretical, showing by 
lines the past and the present relation of these 
deposits ; but they may assist the reader to un- 

■jicffstand my meaning. 

lb Figure 1 rep- ^^^^^^^^^^^^^^^ 

■tefore the Alps |^^^fflS^^^^B| 

^b«reraised,with ^^^Hfi^^^^^^^^fl 

^fbe Cretaceous ^^^^^^|m^^^^^| 

deposits accu- ^'i- ^■ 

mulating beneath the sea at its base. The line 

znarked S indicates the ocean-level ; the letter c, 

^Me Cretaceous deposits ; the letter j, the Juras- 

^Kt strata, lifted on the side of the mountain. 
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Figiirt' 2 represents 
the Jura at the pres- 
ent time, when the 
latter upheavals have 
lifted the Jurassic 
strata to a sharper 
"*■ *■ inclination with the 

Cretaceous deposits, now raised and forming tbe 
lower slope of tJie mountain, at the base :of whiidti 
is the Lake of Neufchatel, marked X iu the di^ 
gram. 

Although this change of inclination is hardly 
perceptible, as one looks up (^inst the face of 
the Jura range, there is a transverse cut acrote 
it which seems intended to give us a diagram of 
its internal structure. Behind the city of Ne«*- 
chatel rises the mountain of Ghaumont, so called 
from its bald head, for neither tree nor shrab 
grows on its summit. Straight through tiiie 
mountain, from its northern to its southern 
there is a natural road, formed by a split ii 
mountain from top to bottom. In this tranavei 
cut, which fonns one of the most romantic and 
picturesque gorges leading into the heart of the 
Jura range, you get a profile view of the change 
in the inclination of the strata, and can easily 
distinguish the point of juncture between the two 
sets of deposits. But even after this dislocatioa 
of strata had been perceived, it was not knowk. 
that it indicated the coouneucement of a n^r 
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epoch, and it is here that my own share in the 
work, such as it is, belongs. 

Accustomed as a hoy to ramble about iu the 

beautiful gorges and valleys of the Jura, and in 

riper years, as my interest in science increased, 

to study its formation with closer attention, this 

difference in the inclination of the slope had not 

escaped my observation. I was, however, still 

more attracted by the fossils it contained than by 

its geological character: and, indeed, there is no 

better locality for the study of extinct forms of 

life than the Jura. In all its breaks and ravines, 

wherever the inner Burface of the rock is exposed, 

'it is full of organic remains ; and to take a haud- 

1 of soil from the roadside is often to gather a 

mdful of shells. It is actually built of tlie re- 

8 of animals, and there are no coral reefs in 

Bg seas presenting a better opportunity for 

Y to the naturalist than the coral reefs of the 

Being already tolerably familiar with the 

B of the Jura, it occurred to me to compare 

1 of the upper and lowor slope ; and to my 

3 I found that they were everywhere dif- 

tnt, and that those of the lower slope were in- 

iably Cretaceous in character, while those of 

B upper slope were Jurassic. In the course of 

I investigation I discovered three periods in 

I Cretaceous and four in the Jurassic epoch, 

I ^aractorized by different fossils. This led to 

i more Uiorough investigation of the different 



188 THE GBOWTH OF GOKTINENTS. 

sets of strata, resulting in the establishment by 
D'Orbigny of a still greater number of periods, 
marked by the successiYe deposits of the Jurassic 
and Cretaceous seas, all of which contained dif- 
ferent organic remains. The attention of geolo- 
gists being once turned in this direction, the 
other epochs were studied with the same view, 
and all were found to be susceptible of division 
into a greater or less number of such periods. 

I have dwelt at greater length on the Jurassic 
and Cretaceous divisions, because I believe that 
we have in the relation of these two epochs, as 
well as in that of the Cretaceous epoch with the 
Tertiary immediately following it, facts which 
are very important in their bearing on certain 
questions, now loudly discussed, not only by sci- 
entific men, but by all who are interested in the 
mode of origin of animals. Certainly, in the in- 
land seas of the Cretaceous and subsequent Ter- 
tiary times, where we can trace in the same sheet 
of water not only the difierent series of deposits 
belonging to two successive epochs in immediate 
juxtaposition, but those belonging to all the pe- 
riods included within these epochs, with the or- 
ganic remains contained in each, — there, if any- 
where, we should be able to trace the transition- 
types by which one set of animals is said to have 
been developed out of the preceding. We hear 
a great deal of the interruption in geological de- 
posits, of long intervals, the record of which has 
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ished, and which may contain those inteirae- 
diate lioks for which we vainly seek. But here 
there is no such gap in the evidence. In the very 
sajne sheets of water, covering limited areas, we 
have the successive series of deposits containing 
the remains of animals which continue perfectly 
unchanged during long intervals. Immediately 
upon these, and accompanied by a more or less 
violent shifting of the surface,* traceable by the 
consequent discordance of the strata, is intro- 
duced an entirely new set of animals, differing 
as much from those immediately preceding them 
aa do those of the present period from the older 
animals, (our predecessors, but' not our ances- 
tors,) traced by Curier in the Tertiary deposits 
mderlying those of our own geological age. I 
bl^oin here a tabular view giving the Epochs in 
leir relation to the Ages, and indicating, at 
let approximately, the number of Periods con- 
tned in each Epoch. 
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It will be noticed by those who have an j knowl* 
edge of geological divimons, that in this diagram 
I ccmsider the Cai^xoniferouB epoch as forming a 
part of the Secondary age. Some geologists have 
been inclined, from the marked and peculiar 
character of its vegetation, to set it apart as form- 
ing in itself a distinct geological age, while oth- 
ers have united it with the Palaeozoic age« For 
many years I myself adopted the latter of tiiese 
two views, and associated the Carboniferous epoch 
with the Palaeozoic age. BuWitis the misfortune 
of progress that one is forced hbt only to unlearn 
a great deal, but, if one has been in tlie habit of 
communicating his ideas to others, to destroy 
much of his own work. I now find myself in 
this predicament ; and after teaching my students 
for years that the Carboniferous epoch belongs to 
the Palaeozoic or Primary age, I am convinced,— 
and this conviction grows upon me constantly as 
I free myself from old prepossessions and bias on 
the subject, — that with the Carboniferous epoch 
we have the opening of the Secondary age in the 
history of the world. A more intimate acquaint- 
ance with organic remains has shown me that 
there is a closer relation between the character 
of the animal and vegetable world of the Carbo- 
niferous epoch, as compared with that of the Per^ 
mian and Triassic epochs, than between that of 
the Carboniferous epoch and any preceding one. 
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Iffiitber do I see any reason for Eepamting it &oui 
fte others as a distinct age. The plants as well 
as the animals of the two subsequent epochs seem 
to me to show, on the contrary, the same pervad- 
ing character, indicating that the Carboniferous 
qioch makes an integral part of that great divis- 
ion which I have characterized as the Secondary 
age. 

Within the Periods there is a still more limited 
l^md of geological division, founded upon the 
special character of local deposits. These I 
would call geological Formations, indicating con- 
crete local deposits, having no cosmic character, 
but circumscribed witliin comparatively narrow 
areas, as distinguished from the other terms,, 
Ages, Epochs, Periods, which have a more uni- 
versal meaning, and are, as it wore, cosmopolitan 
in their application. Let me illustrate my mean- 
ing by some formations of the present time. The 
accumulations along the coa^t of Florida are 
composed chiefly of coral sand, mixed of course 
with the remains of the animals belonging to that 
locality ; those along the coast of the Southern 
States consist principally of loam, which the riv- 
ere bring down from their swamps and low, mud 
dy grounds ; those upon the shores of the Middle 
States are made up of clay from the disintegra- 
tion of the eastern slopes of the AUeghanies ; 
those farther north, along our own coast, 
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are mostly formed of sand from the New-England 
granites. Such deposits are the local work of 
one period, containing the organic remains be- 
longing to the time and place. From the geo- 
logical point of view, I would call them Forma- 
tions ; from the naturalist^s point of view I would 
call them Zoological Provinces. 

Of course, in urging the application of these 
names, I do not intend to assume any dictator- 
ship in the matter of geological nomenclature. 
But I do feel very strongly the confusion arising 
from an indiscriminate use of terms, and that, 
whatever names be selected as most appropriate 
or descriptive for these divisions, geologists should 
agree to use them in the same sense. 

There is one other geological term, bequeathed 
to us by a great authority, and which cannot be 
changed for the better : I mean that of Greologi- 
cal Horizon, applied by Humboldt to the whole 
extent of any one geological division, — as, for 
instance, the Silurian horizon, including the 
whole extent of the Silurian epoch. It indicates 
one level in time, as the horizon which limits our 
view indicates the farthest extension of the plain 
on which we stand in space. 

We left America at the close of the Carbonif- 
erous epoch, when the central part of the United 
States was already raised above the water. Let 
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ns now give a glance at Europe in thoeo early 

days, and see how far her physical history has 
advanced. What European countries loom up 
for us out of the A2oic sea, corresponding in 
time and character to the low range of hills 
which first defined the northern boundary of tlie 
United States ? what did the Silurian and Devo- 
nian epochs add to these earliest tracts of dry 
land in the Old World ? and where do we find 
the coal basins which show us the sites of her 
Carboniferous forests ? Since the relation be- 
tween the epochs of comparative tranquillity and 
the successive upheavals has been so carefully 
traced in Europe, I will endeavor, while giving a 
sketch of that early European world, to point out, 
at the same time, the connection of the difiijrent 
systems of upheaval with the successive stratified 
deposits, without, however, entering into such 
details as must necessarily become technical and 
tedious. 

In the European ocean of the Azoic epoch wo 
find five islands of considerable size. The largest 
•>[ these is at the North, Scandinavia had even 
then almost her present outlines; for Norway, 
."Sweden, Finland, and Lapland, all of which are 
chiefly granitic in character, were among the first 
lands to be raised. Between Sweden and Nor- 
way there is, however, still a large tract of land 
under water, forming an extensive lake or a large 
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inland sea in the heart of the countrjr. If tiie 
reader will take the trouble to look on any geo- 
logical map of Europe, he will see an extensiye 
patch of Silurian rock in the centre of Sweden 
and Norway. This represents that sheet of wa- 
ter gradually to be filled by the accumulation of 
Silurian deposits and afterwards raised by a later 
disturbance. There is another mas£i of land far 
to the southeast of this ScandinaTian island, 
which we may designate as the Bohemian island, 
for it lies in the region now called Bohemia, 
though it includes, also, a part of Saxony and 
Moravia. The northwest comer of France, that 
promontory which we now call Bretagne, with a 
part of Normandy adjoining it, formed another 
island ; while to the southeast of it lay the cen- 
tral plateau of France. Great Britain was not 
forgotten in this early world ; for a part of the 
Scotch hills, some of the Welsh mountains, and 
a small elevation here and there in Ireland^ 
already formed a little archipelago in that region. 
By a most careful analysis of the structure of 
the rocks in these ancient patches of land, tracing 
all the dislocations of strata, all the indications 
of any disturbance of the earth-crust whatsoever, 
Elie de Beaumont has detected and classified four 
systems of upheavals, previous to the Silurian 
epoch, to which he refers these islands in the 
Azoic sea. He has named them the systems of 
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I^ Vendue, of Mnist^re, of Loiigmynd, and of 
tforbihan. These names have, for the present, 
Only a local significance, — being derived, like so 
many of the geological names, from the places 
♦here tlie investigations of the phenomena were 
first undertaken ; but in coarse of time they will, 
no doubt, apply to all the contemporaneous up- 
Iteavab, wherever they may be traced, just as we 
BOW have Silurian, Devonian, Permian, and Ju- 
lassic deposits in America as well as in Europe. 

The Silurian and Devonian epoclis seem to 
have been instrumental rather in enlarging the 
tracts of laud already raised than in adding new 
taies ; yet to these two epochs is traced the up- 
heaval of a large and important island to the 
northeast of Franco. We may call it the Bel- 
gian island, since it covered tlie ground of mod- 
ern Belgium ; but it also extended considerably 
beyond these limits, and included much of the 
Northern Rhine region. A portion only of this 
tract, to which belongs the central mass of the 
Yosges and the Black Forest, was lifted during 
the Silurian epoch, — which also enlarged con- 
siderably Wales and Scotland, the Bohemian 
island, the island of Bretagne, and Scandinavia. 
Dnring this epoch the sheet of water between 
Norway and Sweden became dry land, a consid- 
erable tract was added to their northern extrem- 
is on the Arctic shore ; while a broad band of 
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Silurian deposits, lying now between Finland and 
Russia, enlarged that region. 

The Silurian epoch has been referred by EUe 
de Beaumont to the system of upheaval called by 
him the system of Westmoreland and Hunds- 
ruck, — again merely in reference to the spots at 
which these upheavals were first studied, the cen- 
tres, as it were, from which the investigations 
spread. But in their geological significance they 
indicate all the oscillations and disturbances of 
the soil throughout the region over which the 
Silurian deposits have been traced in Europe. 
The Devonian epoch added greatly to the out- 
lines of the Belgian island. To it belongs the 
region of the Ardennes, lying between Prance 
and Belgium, the Eifelgebirge, and a new dis- 
turbance of the Vosges, by which that region was 
also extended. The island of Bretagne was 
greatly increased by the Devonian deposits, and 
Bohemia gained in dimensions, while the central 
plateau of Prance remained much the same as 
before. The changes of the Devonian epoch are 
traced by Elie de Beaumont to a system of up- 
heavals called the Ballons of the Vosges and of 
Normandy, — so called from the rounded, bal- 
loon-like domes characteristic of the mountains 
of that time. To the Carboniferous epoch be- 
long the moimtain-systems of Porey, (to the west 
of Lyons,) of the North of England, and of the 
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{Netherlands. These three systema of upheaval 
have also been traced by Elie de Beaumont ; and 

in the depressiona formed between their elova- 
lions we find the coal-basins of Central France, 
of England, and of Germany. Duruig all these 
ejjochs, in Europe as in America, every such dis- 
location of the surface was attended by a change 
iu the animal creation. 

If we take now a general view of the aspect 
of Europe at the close of the Cartioniferous 
epoch, we shall see that the large island of Scan- 
diuavia is completed, while the islands of Bohe- 
mia and Belgium have approached each other by 
their gradual increase till they are divided only 
liy a comparatively narrow channel. The island 
of Belgium, that of Bretagno, and that of the 
central jilateau of France, form together a tri- 
angle, of which the plateau is the lowest point, 
while Belgium and Bretagne form the other two 
corners. Between the plateau and Belgium flows 
a channel, which we may call the Burgundian 
channel, smce it covers old Burgundy ; between 
the plateau and Bretagne is another channel, 
which from its position we may call the Bordeaux 
channel. The space inclosed between these three 
masses of land is filled by open sea. To trace 
the gradual closing of these channels and the 
filling up of the ocean by constantly increasing 
accumulations, as well as by upheavals, will be 
the object of the next article. 



VI. 

THE GEOLOGICAL MIDDLE AGE. 

I SHALL pass lightly over the Permian and 
Triassic epochs, as being more nearly related 
in their organic forms to the Carboniferous epoch, 
with which we are already somewhat familiar, 
while in those next in succession, the Jurassic 
and Cretaceous epochs, the later conditions of 
animal life begin to be already foreshadowed. 
But though less significant for us in the present 
stage of our discussion, it must not be supposed 
that the Permian and Triassic epochs were unim- 
portant in the physical and organic history of 
Europe. A glance at any geological map of 
Europe will show the reader how the Belgian 
island stretched gradually in a southwesterly 
direction during the Permian epoch, approaching 
the coast of Prance by slowly increasing accumu- 
lations, and thus filling the Burgundian channel ; 
a wide border of Permian deposits around the 
coal-field of Great Britain marks the increase of 
this region also during the same time, and a very 
extensive tract of a like character is to be seen in 
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Russia. Tlie latter is, however, still under doubt 
and discussion among geologists, and more recent 
investigations tend to show that this Russian re- 
gion, supposed at first to be exclusively Permian, 
is in part at least, Triassic. 

With the coming in of the Triassic epoch be- 
gan the great deposits of Red Sandstone, Mu- 
schel-Kalk, and Keuper, in Central Europe. They 
united the Belgian island to the region of the 
Vosges and the Black Forest, while they also 
filled to a great extent the chaimel between Bel- 
gium and the Bohemian island. Thus the land 
slowly gained upon the Triassic ocean, shutting 
it within ever-narrowing limits, and preparing 
the large inland seas so characteristic of the later 
Secondary times. 

The character of the organic world still re- 
tained a general resemblance to that of the Car- 
boniferous epoch. Among Radiates, the Corals 
were more nearly allied to those of the earlier 
ages than to those of modem times, and Crinoids 
abounded still, though some of the higher Echi- 
noderm types were already introduced. Among 
MoUusks, the lower Bivalves, that is, the Brachio- 
pods and Bryozoa, still prevailed, wliile Ammon- 
ites continued to he very numerous, differing 
from the earUer ones chiefly in the ever-increas- 
ing complications of their inner partitions, wliich 
become so deeply involuted and cut upon their 
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margins, before the type disappears, as to make 
an intricate tracery of verj various patterns on 
the surface of these shells. The most conspicu- 
ous type of Articulates continues as before to be 
that of Crustacea ; but Trilobites have finished 
their career, and the Lobster-like Cnistacea make 
their appearance for the first time. It does not 
seem that the class of Insects has greatly in- 
creased since the Carboniferous epoch; and 
Worms are still as difficult to trace as ever, be- 
ing chiefly known by the cases in which they 
sheltered themselves. Among Vertebrates, the 
Pishes still resemble those of the Carboniferous 
epoch, belonging principally to the Selachians 
and Ganoids. They have, however, approached 
somewhat toward a modern pattern, the lobes of 
the tail being more evenly cut, and their general 
outline more like that of conunon fishes. The 
gigantic marsh Reptiles have become far more 
numerous and various. They continue through 
several epochs, but may be said to reach their 
culminating point in the Jurassic and Cretaceous 
deposits. 

I cannot pass over the Triassic epoch without 
some allusion to the so-called bird-tracks, so gen- 
erally believed to mark the introduction of Birds 
at this time. It is true that in the deposits of 
the Trias there have been found many traces of 
footsteps, indicating a vast number of animals 
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which, except for these footprinlR, remain un- 
known to uB. In the sandstone of the Connecti- 
cut Valley they are found in extraordinaiy num- 
bers, as if these animals, whatever they were, 
had been in the habit of frequenting that shore. 
They appear to have been very diversified ; for 
some of the tracks are very large, others quite 
small, while some would seem, from the way in 
which the footsteps follow each other, to have 
been quadrupedal, aud others bipedal. We can 
even measure the length of their strides, follow- 
ing the impressions which, from their succession 
in a continuous line, mark the walk of a single 
animal.* The fact that we find these footprints 
■without any bones or other remains to indicate 
the animals by which they were made is ac- 
lunted for by the mode of deposition of the 
.dstone. It is very unfavorable for the preser- 
ioD of bones ; but, being composed of minute 
«and mixed with mud, it affords an admirable 
substance for the reception of these impressions, 
which have been thus cast in a mould, as it were, 
and preserved through ages. 

These animals must have been large, when 
full-grown, for we find strides measuring six feet 

■^tween, evidently belonging to the same animal. 

^Hi the quadrupedal tracks, the front seem to have 

^K* Fo 



■puds 

^Kntioi 



■ * For all details respecting these tracks see Hilchcock'a Ich- 
fihf^ ilf New England. BostOD, 1858. 410. 
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been smaller than the hind ones. Some of the 
tracks show four toes all turned forward, while 
in others three toes are turned forward and one 
backward. It happened that the first tracks 
found belonged to the latter class ; and they very 
naturally gave rise to the idea that these impres- 
sions were made by birds, on account of this for- 
mation of the foot. This, however, is a mere in- 
ference; and since the inductive method is the 
only true one in science, it seems to me that we 
should turn to the facts we have in our possession 
for the explanation of these mysterious footprints, 
rather than endeavor to supply by assumption 
those which we have not. As there are no bones 
found in connection with these tracks, the only 
way to arrive at their true character, in the pre- 
sent state of our knowledge, is by comparing 
them with bones found in other localities in the 
deposits of the same period in the world's history. 
Now there have never been found in the Trias 
any remains of Birds, while it contains innumer- 
able bones of Reptiles ; and therefore I think that 
we shall eventually find the solution of this mys- 
tery in the latter class. 

It is true that the bones of the Triassic Reptiles 
are scattered and disconnected ; * no complete 
skeleton has yet been discovered, nor has any foot 

* See the Investigations of Hermann von Meyer on Triassic 
Beptiles. 
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found ; so that no direct comparison can be 
le with the steps. It is, however, my belief, 
&om all w0 know of the character of the Animal 
Kingdom in those days, that these animals were 
reptilian, but combined, like so many of the early 
types, characters of their own clasB with those of 
higher animals yet to come. It seems to me prob- 
able, that, in those tracks where one toe is turned 
:ward, the impression is made not by a toe, 
[t by a heel, or by a long sole projecting hack- 
; for it is not pointed, like those of the front 
but is blunt. It is true that there is a divi- 
of joints in the toes, which seemB in favor of 
idea that they were those of Birds ; for when 
tiie three toes are turned forward, there are two 
joints on the inner one, three on the middle, and 
on the outer one, as in Birds. But this fear 
is not peculiar to Birds ; it is found in Tm^ 
also. The correspondence of these footprints 
with each other leaves no doubt that they wore all 
by one kind of animal ; for both the bipedal and 
the quadrupedal tracks have the same character. 
The only qiiadnipedal animals now known to us 
which walk on two legs are the Kangaroos. They 
raise themselves on their hind legs, using the 
front ones to bring their food to their mouth. 
They leap with the hind legs, sometimes bring- 
ing down their front feet to steady themselves 
ir the sprijig, and making use also of their 
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He conrse of time. When Cuvier first saw tho 
■etb of a Wealiien Reptile, ho prououoced tlicm 
K be those of a Rhinoceros, so mammalian were 
Key in their appearance. So, -when Sommering 
Hst saw tlie remains of a Jurassic Pterodactyl, 
^k pronounced them to be those of a Bird. These 
Pbistakes were not due to a siiperficial judgment 
"& men who knew Nature so well, but to this pro- 
^etic character in the early types themselves, in 
Vhich features were united never known to exist 
together in our days, and presenting a kind of 
etnnbination wholly new to scientific men at that 
time. 

Tho Jurassic epoch, nest in succession, was a 
very important one in the history of Europe. It 
completed tlio junction of several of the larger 
islands, filling the channel between the central 
plateau of France and the Belgian island, as well 
as that between the former and the island of Bre- 
tagne, so that France was now a sort of crescent 
of land holding a Jurassic sea in its centre, Bre- 
tagne and Belgium forming the two horns. Tbia 
Jurassic basin or inland sea. united England and 
j^ance, and it may not be amiss to say a word 

of its subsequent transformations. During 
le long succession of Jurassic periods, the depos- 
of that epoch, chiefly limestone and clays, with 

and there a bed of sand, were accumulated 
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tails, to balance the body after leaping. In these 
tracks we find traces of a tail between the feet. 
I do not bring this forward as any evidence that 
these animals were allied to Kangaroos, since I 
believe that nothing is more injurious in science 
than assumptions which do not rest on a broad 
basis of facts ; but I wish only to show that these 
tracks recall other animals besides Birds, with 
which they have been universally associated. 
And seeing, as we do, that so many of the early 
types prophesy future forms, it seems not improb- 
able that they may have belonged to animals 
which combined with reptilian characters some 
birdlike features, and also some features of the 
earliest and lowest group of Mammalia, the Mar- 
supials. To sum up my opinion respecting these 
footmarks, I believe that they were made by ani- 
mals of a prophetic type, belonging to the class 
of Reptiles, and exhibiting many synthetic char- 
acters. 

The more closely we study past creations, the 
more impressive and significant do the synthetic 
types, presenting features of the higher classes 
under the guise of the lower ones, become. They 
hold the promise of the future. As the opening 
overture of an opera contains all the musical ele- 
ments to be therein developed, so this living pre- 
lude of the Creative work comprises all the or- 
ganic elements to be successively developed in 
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ie of time. When Cuvier first saw the 
li of a Wealden Iteptile, he pronounced them 
to be those of a Rhinoceros, so mammalian were 
they in their appearance. So, when Sommering 
first saw the remains of a Jurassic Pterodactyl, 
he pronounced them to be those of a Bird. These 
mistakes were not due to a suijerficial judgment 
ill men who knew Nature so well, but to this pro- 
]^etic character in the early types themselves, in 
which features were united never known to exist 

Itt^ther in our days, and presenting a kind of 
rfCHubination wholly new to scientific men at that 
?«me. 
The Jurassic epoch, next in succession, was a 
'very important one in the history of Europe. It 
completed the jiuiction of several of the larger 
islands, filling the channel between tlie central 
plateau of Prance and the Belgian island, as well 
as that between the former and the island of Bre- 
tagne, so that France was now a sort of crescent 
of land holding a Jurassic sea in its centre, Bre- 
tagne and Belgium forming the two horns. This 
Jurassic basin or inland sea. united England and 
France, and it may not be amiss to say a word 
here of its subsequent transformations. During 
tiie Jong succession of Jurassic periods, the depos- 
its of that epoch, chiefly limestone and clays, with 
I here and there a bed of sand, were accumulated 
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at its bottom. Upon these followed the cbuik de- 
posits of the Cretaceous epoch, until the hasin 
was gradually filled, and partially, at least, turned 
to dry lajid. But at the close of the Cretaceous 
epoch a fissure was formed, allowing the entrance 
of the sea at the western end, so that the con- 
stant washing of the tides and storms wore away 
the lower, softer deposits, leaving the overhang- 
ing chalk cliflTs unsupported. These latter, as 
their su])ports were undermined, crumbled down, 
thus widening the channel gradually. This pro- 
cess must, of course, have gone on more rapidly 
at the western end, where the sea rushed in witll 
most force, till the chaunel was worn through to 
the Gferman Ocean on the other side, and the sea 
then began to act with like power at both ends of 
the chaimel. This explains its form, wider at 
the western end, narrower between Dover and 
Calais, and widening again at the eastern ex- 
tremity. This ancient basis, extending from the 
centre of France into England, is rich in the re- 
mains of a number of successive epochs. Around 
its margin we find the Jurassic deposits, showing 
that there must have been some changes of level 
which raised the shores and prevented later ac- 
cumulations from covering them, while in the 
centre the Jurassic deposits are concealed by 
those of the Cretaceous epoch above them, these 
being also partially hidden under the later Tep* ■■ 
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tiary beds. Let ub see, tlien, what this inland 
sea has to tell us of the organic world in tho 
Jurassic epoch. 

At that time the region where Lymo-Rogis is 
now situated in modern England was an estuary 
tlie shore of that ancient sea. Ahout fifty 
ago a discovery of large and curious bones, 
Iwlonguig to some ammal unknown to tlie scien- 
tific world, turned tlie attention of naturalists to 
this locality, and since tlien sucti a quantity and 
variety of such remains have been found in that 
tibighborhood as to show that the Sharks, Whales, 
pbrpoises, etc., of the present ocean are not more 
iKtmierons and diversified than were tho iiihabt 
ttBots of this old hay or inlet. Among these ani- 
■^lals, the Ichthyosauri (Ksh-Lizards) form one 
irf the best-known and most prominent groups. 
They arc cliiefly found in the Lias, the lowest set 
of beds of the Jurassic deposits, and seem to have 
come in with the close of the Triassic epoch. It 
ia greatly to be regretted that whatever is known 
of tho Triassic Reptiles antecedent to the Ichtliy- 
osauri still remains in the form of original papers, 
and is not yet embodied in test-books. They are 
quite as interesting, as curious, and as diversified 
as those of tho Jurassic epoch, which are, how- 
ever, much more extensively known, on account 
of the large collections of these aniinds belong- 
ing to tlic British Museum. It will be more easy 
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to understand tho structural relatioas of the lat- 
ter, and their true position in the Aiiiinal King- 
dom, when those which preceded them are better 
understood. One of the most 
remai'kablc and numerous of 
these Triassic Roptilee seems to 
have been an animal called La- 
hyrinthodon, and resembling, in 
the form of the head, and lo 
tho two articulating surfaces at 
tlie juncture of the head with 
the backbone, the Frogs and 
Salamanders, though its teeth 
are like those of a Crocodile. 
As yet nothing has been found 
of tliese animals except thff 
liead, — neither the backbonff 
nor the limbs ; so that little 
known of their general struct^ 




Tlie Ichthyosauri (Figure IJ 
must hare been very largQ) 
scvon or eight feet being the 
ordinary length, wliile speci- 
mens measuring from twenty 
"*■ '" to thirty feet arc not uncom- 

mon. Tlio large head is pointed, like that of the 
Porpoise ; tlie jaws contain a number of conical 
teeth, of reptilian form and character ; the eye* 
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ball was very large, as may be seen by the Eockot, 
and it was siijiportcd by pieces of bone, such as 
we find now only in the eyes of birds of prey and 
in the bony fishes. The ribs bogio at the neck 
and continue to the tail, and thci'e is no distinc- 
don between head and neck, as in most Reptiles, 
but a continuous outhiie, as in Fishes. They had 
four limbs, not divided into fingers, but forming 
mere paddles. Yet fingers seem to be hinted at 
in these paddles, though not developed, for the 
bones are in parallel rows, as if to mark what 
might be such a division. The backbones are 
short, but very high, and the surfaces of articular 
tion are hollow, conical cavities, as in Fishes, in- 
stead of ball-and-socket joints, as in Heptiles. 
The ribs are more complicated than iu Verte- 
brates generally: they consist of several pieces, 
and the hreost-bone is formed of a number of 
bones, making together quite an intricate bony 
network. There is only one living auimal, the 
Crocodile, characterized by this pccuhar struct- 
ure of the breast^houe. Tlie Ichthyosaurus is, 
indeed, one of the most remarkable of the syn- 
thetic types : by the shape of its head one would 
associate it with the Porpoises, while by its pad- 
dles and its long tail it reminds one of the whole 
group of Cetaceans to which the Porpoises be- 
long; by its crocodilian teeth, its ribs, and its 
breaatrbone, it seems allied to Reptiles; and by 
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its uniform ueck, not distinguislied from \ 
body, luid the structure of the backbone, it I 
calls the Fislies. 

Another most curious member of this group? 




the Plcsiosaurus, old Saurian (Figure 2). By ibj 
disproportionately long and flexible neck, and \\ 
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smaU, flat liead, it unquestionably foreshadows 
the Serpeuts, while by the structure of tlio back- 
bone, the limbs, and the tail, it is closely alHed 
with the Ichthyosaurus. Its flappers are, however, 
more slender, less clumsy, and wore, no doubt, 
adapted to more rapid motion than the fins of the 
Ichthyosaurus, while its tail is shorter in propor- 
tion to the whole length of the animal. It seems 
probable, from its general sti-ucture, that the 
Ichthyosaurus moved like a Fish, chiefly by the 
ipping of tlje tail, aided by the fins, while in the 
lesiosaurus the tail muet have been much less 
icient as a locomotive organ, and the long, 
lake-like, flexible neck uo doubt rendered the 
■whole body more agile and rapid in its move- 
ments. In comparing tlie two, it may be said, 
that, as a whole, the Ichthyosaurus, though be- 
longing by its structure to the class of Reptiles, 
has a closer external resemblance to the Fishes, 
irhile the Plesiosaurus is more decidedly reptilian 
ID character. If there exists any animal in our 
waters, not yet known to naturalists, answering 
to the descriptions of the " Sea-Serpent," it must 
be closely allied to the Plesiosaurus. The occur- 
rence in the fresh waters of North America of a 
Fish, the Lepidosteus, which is closely allied to 
the fossil Fishes found with the Plesiosaurus in 
le Jurassic beds, renders sucli a supposition 
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Of all these strange old forms, go Biiigularly 
uniting features of Fishes and Reptiles, none lias 
given rise to more discusioa than the Pterodaotj' 
lus, (Figure 3,) another of the Sauriau I 




associated, how(fv(!r, with Birds by some natural- 
ists, on account of its largo wing-like appendages. 
From the extraordinary length of its anterior 
limbs, tliey have generally been described as 
wings, and the animal is usually represented i 
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a flying Reptile. But if wo consider its whole 

Ticture, this does not seem probable, aud I be- 

IT6 it to have been an essentially aquatic aiii- 

,, moving after the fashion of the Sea-Turtle. 

B 60-callfjd wings resemble in structure the front 

pdl98 of the Sea-Turtles far more than the 

I of a Bird; differing from them, indeed, 

' by the extraordinary length of the inner 

L while the outer ones are comparatively much 

But, notwithstaiidhig this difference, 

B Ikand of the Pterodactylus is eonstructod like 

f of an aquatic swimming mariiie Reptile; and 

elleve, that, if wo represent it with its long 

: stretched upon the water, its large head 

lushed with powerful, well-armed jaws, ready 

pdire after the innumerable smaller animals 

ing in the same ocean, we shall have a more 

iral picture of its habits than if we consider • 

Has a Sying animal, which it is generally sup- 

[ to have been. It has not the powerful 

ut-hone, with the large projecting keel along 

) middle line, such as exists in all the flying 

nimals. Its breast-bone, on the contrary, is thin 

tad flat, like that of the present Sea-Turtle ; and 

r it moved through the water by the help of its 

eg flappers, as the Sea-Turtle does now, it could 

rell dispense with that powerful construction of 

flie breast-hone so essential to all animals which 

J through tho air. Again, the powerful teeth, 
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long and conical, placed at considerable intei 
ia the jaw, constitute a feature common to 
predaceous acquatic animals, and would 
have been utterly useless in a flying animal at 
that time, since there were no aerial beings of 
any size to prey upon. The Dragon-Flies found 
in the same deposits with the Pterodactylus were 
certainly not a game requiring so powerful a bat- 
tery of attack. 

The Fishes of the Jurassic sea wore exce( 
numerous, but were all of the Ganoid and 
lachian tribes. It would weary the reader, wf 
I to introduce here any detailed description 
them, but they were as munerous and varied 
those living in our present waters. There 
the Hybodus, with the marked furrows on 
spines and tlie strong hooks along their margin, 
— the huge Chimera, with its long whip, its 
curved bone over the back, and its parrofr-like 
bill, — the Lepidotus, with its large square scalsflj 
its large head, its ntimerous rows of teeth, i 
within another, forming a powerful grinding 
paratus, — the Microdon, with its round, : 
body, its jaw paved with sm^ grinding teeth, 
the swift Aspidorhynchus, with its long, slendi 
body and massive tail, enabling it to strike the 
water powerfully and dart forward with great ra- 
pidity. There were also a host of small Fishes, 
comparing with those above mentioned 



THE GEOLOGICAL MIDDLE AGE. 165 

Perch, HGrring, Smelts, etc., compare with our 
larger Fislies ; but, whatever their size or form, 
all the Fishes of those days had the same hard 
scales fitting to each other by hooks, instead of 
the thin membranous scales overlapping each 
other at the edge, like the common Fishes of 
more modern times. The smaller Pishes, no 
doubt, afforded food to the larger ones, and to 
the aquatic Reptiles. Indeed, in parts of the in- 
testmes of the Ichthyosauri, and in their petrified 
excrements, have been found the scales and teeth 
(rf these smaller Fishes perfectly preserved. It is 
izing that we can Icam bo much of the habits 
) of these past creatures, and know even 
iiat was the food of animals existing countless 
[es before man was created, 
^ There are traces of Mammalia in the Jurassic 
, but they were of those inferior kinds 
bnown now, as Marsiipials, and no complete speci- 
meoB have yet been found. 
M The Articulates were largely represented in 
^bis epoch. There were already in the vegetation 
H^niimber of Gymnospcrms, affording more favor- 
able nourishment for Insects than the forests of 
earlier times : and we accordingly find tliat class 
in lai^r numbers than ever before, though still 
BBlcagro in comparison witli its present represen- 
H^on. Crustacea were numerous, — those of 
^Me Shrimp and Lobster kinds prevailing, though 
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in some of the Lobsters we have the first advance 
towards the liighest class of Crustacea in the ex- 
pansion of the transverse diameter now so charac- 
teristio of the Crabs. Among Mollusks we have 
a host of gigantic Ammonites ; and the naked 
Cephalopods, which were in later times to become 
the prominent representatives of that class, al- 
ready begin to make their appearance. Amoi^ 
Radiates, some of the higher kinds of Echino- 
derms, the Ophinrans, and Echinoids, take the 
place of the Crinoids, and the Acalephian Corals 
give way to the Astraean and Meandrina-like 
types, resembling the Reef-Builders of the pres- 
ent time. 

I have spoken especially of the inhabitants of the 
Jurassic sea lying between England and France, 
because it was there that were first found the re- 
mains of some of the most remarkable and largest 
Jurassic animals. But wherever these deposits 
have been investigated, the remains contained in 
them reveal the same organic character, though, 
of course, we find the land Reptiles only where 
there happen to have been marshes, the aquatic 
Saurians wherever large estuaries or bays gave 
them an opportunity of coming in near shore, so 
that their bones were preserved in the accumula- 
tions of mud or clay constantly collecting in such 
localities, — the Crustacea, Shells, or Sea-Urchins 
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I the old sea-beaches, the Corals in the neigh- 
_ jrhood of coral reefs, and so on. In short, the 
distribution of animals then as now was in ac- 
cordance with their nature and habits, and we 
shall seek vainly for them in the localities where 
they did not belong. 
But wheu I say that the character of the Juras- 
c animals is tlie same, I mean, that, wherever a 
iseic sea-sbore occurs, be it in France, Ger- 
iigland, or elsewhere throughout the 
rorld, the Shells, Crustacea, or other animals 
ind upon it have a special character, and are 
Nt to be confotmded by any one thoroughly ac- 
'■qaainted with these fossils with the Shells or 
Crustacea of any preceding or subsequent time, 
— that, wliere a Jurassic marsh exists, the land 
Reptiles uihabiting it are Jurassic, and neither 
Triassic nor Cretaceous, — that a Jurassic coral 
reef is built of Corals belonging as distinctly to 
the Jurassic creation as the Corals on the Florida 
reefa belong to the present creation, — that, where 
some Jurassic bay or inlet is disclosed to us with 
the Fishes anciently inhabiting it, they are as 
characteristic of their time as are the Fishes of 
Massachusetts Bay now. 

And not only so, but, while this iinity of crea- 
tion prevails throughout the entire epoch as a 
whole, there is the same variety of geographical 
ribution, the same circimiseription of faunte 
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TitMn distinct zoological provinces, as at 
present time. The Fishes of Massachusetts 
are not the same as those of Chesapeake Bay, 
those of Chesapeake Bay the same as those 
Pamlico Sound, nor those of Pamlico Sound 
same as those of the Florida coast. This division 
of the surface of the earth into given areas within 
which certain combinations of animals and plani 
are confined is not peculiar to the present ci 
tion, but has prevailed in all times, thongb 
ever-increasing diversity, as the surface of 
earth itself assumed a greater variety of elimatio 
conditions. D'Orbigny and others were mistaken 
in assuming that faunal diflerencea have been in- 
troduced only in the last geological epochs. Be- 
sides these adjoining zoological faunse, each epoch 
is divided, as we have seen, into a number of 
periods, occupying successive levels one above an- 
other, and differing specifically from each other 
in time as zoological provinces differ from each, 
other in space. In short, every epoch is to be 
looked upon from two points of view : as a unit, 
complete in itself, having one character through- 
out, and as a stage in the progressive history of 
the world, forming part of an organic whole. 

As the Jurassic epoch was ushered in by the 
upheaval of the Jura, so its close was marked by 
the upheaval of that system of mountains called 
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the CSte d'Or. With ttiis latter npheaval began 
the Cretaceous epoch, which we will examine 
with special reference to its suhdivision into peri- 
ods, since the periods in this epoch have been 
clearly distinguished, and investigated with espe- 
eial care, I haw alluded in the preceding article 
lo the immediate contact of the Jurassic and Cre- 
taceous epochs in Switzerland, affording peculiar 
facilities for the direct comparison of their or- 
ganic remains. But the Cretaceous deposits are 
well known, not only in this inland sea of ancient 
Switzerland, but in a number of European basins, 
in France, in tlie Pyrenees, on the Mediterrane- 
an shores, and also in Syria, Egypt, India, and 
Southern Africa, as well as on our own continent. 
In all these localities, the Cretaceous remains, 
like those of the Jurassic epoch, have one organic 
character, distinct and unique. Tliis fact is espe- 
cially significant, because the contact of their 
respective deposits is in many localities so imme- 
diate and continuous that it affords an admirable 
test for the deTelopmentr-thoory. If this is the 
true mode of origin of animals, those of the later 
JurasBic beds must be the progenitors of those of 
the earlier Cretaceous deposits. Let us see now 
how fer this agrees with our knowledge of the 
I^ysiological laws of development. 

Take first the class of Pishes. We have seen 
tiiat in the Jurassic periods there were none of 
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our common Fishes, none corresponding to our 
Herring, Pickerel, Mackerel, and the like, — no 
Fishes, in short, with thin membranous scales, 
but that the class was represented exclusively by 
those with hard, flint-like scales. * In the Creta- 
ceous epoch, however, we come suddenly upon a 
horde of Fishes corresponding to our smaller 
common Fishes of the Pickerel and Herring 
tribes, but principally of the kinds found now 
in tropical waters ; there are none like our Gods, 
Haddocks, etc., such as are found at present in 
the colder seas. The Fishes of the Jurassic epoch 
corresponding to our Sharks and Skates and Gar- 
Pikes still exist, but in much smaller proportion, 
while these more modern kinds are very numer- 
ous. Indeed, a classification of the Cretaceous 
Fishes would correspond very nearly to one 
founded on those now living. Shall we, then, 
suppose that the large reptilian Fishes of the 
Jurassic time began suddenly to lay numerous 
broods of these smaller, more modern, scaly 
Fishes ? And shall we account for the diminution 
of the previous forms by supposing that in or- 
der to give a fair chance to the new kinds they 
brought them forth in large numbers, while they 
reproduced their own kind less abundantly ? Ac- 
cording to very careful estimates, if we accept 
this view, the progeny of the Jurassic Fishes 
must have borne a proportion of about ninety per 
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cent of entirely new types to some ten per cent 
of those resembling tho parents. One would lifce 
a fact or two on which to rest so very extraordi- 
nary a reversal of all known physiological laws of 
reproduction, but, anhappily, there is not one. 

Still more unaccountable, upon any theory of 
development according to ordinary laws of repro- 
duction, ore those iinique, isolated types limited 
to a single epoch, or sometimes even to a single 
period. There are some very remarkable in- 
stances of this in the Cretaceous deposits. To 
make my statement clearer, I will say a word of 
the sequence of these deposits and their division 
into periods. 

These Cretaceous beds were at first divided 
only into three sets, called the Neocomian, or 
lower deposits, the Green-Sands, or middle depo- 
ritB, and the Chalk, or upper deposits. The Neo- 
comian, the lower division, was afterwords sub- 
diyided into three sets of beds, called the Lower, 
Middle, and Upper Neocomian by some geolo- 
gists, the Valengian, Neocomian, and Urgonian 
by others. These throe periods are not only 
traced in immediate succession, one above an- 
other, in the transverse cut before described, 
across the mountain of Chaumont, near Neuf- 
ch&tel, but they are also traced almost on one 
level along the plain at the foot of the Jura. It 
IB evident that by some disturbance of the sur- 
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face the eastern end of the range was raised 

slightly, lifting the lower or Valen^an -deposits 
out of the water, so that they remain uncovered, 
and the next set of deposits, the Neocomian, is 
accumulated along their base, while these in their 
turn are slightly raised, and the Urgonian beds 
are accumulated against them a little lower 
down. They follow each other from east to west 
in a narrower area, just as the Azoic, Silurian, 
find Devonian deposits follow each other from 
north to south in the northern part of the United 
States. The Cretaceous dcposite have been inti- 
mately studied in various localities by different 
geologists, and are now subdivided into at least 
ten, or it may be fifteen or sixteen distinct peri- 
ods, as they stand at present. This is, however, 
but the beginning of the work ; and the recent 
investigations of the French geologist, Coquand, 
indicate that several of these periods at least are 
susceptible of further subdivision, I present here 
a table enumerating the periods of the Cretaceous 
epoch liest known at present, in their sequence, 
because I want to show how sharply and in how 
arbitraiy a manner, if I may so express it, new 
forms are introduced. Tlie names are simply 
derived from the localities, or from some circum- 
stances connected with the locality where each 
period has been studied. 



THE GEOLOGICAL MIDDLE AGE. 
Taile of Perlodi in ihe Crdaaxna Epoch. 
Maealrichtian .... 



Scnoniaa 
ToroQian . . 
Cenomanian . 



■ Chalk. 



- CWk Marl. 



AJbian -> 

AP''*" > GraeQ Sands. 

Rbodanian ) 

Urgonian \ 

Keottaninu J- Weoliien. 

VaJengian ) 

One of the moat peculiar and distinct of those 
unique types alluded to above is that of the Ru- 
distes, a singular Bivalve, In whicli the lower 
valve is very deep and conical, while the upper 
valve sets into it as into a cup. The subjoined 
wood-cut represents such a Bivalve. These Eiidis- 
tes are found suddenly in the 
Urgonian deposits ; there are 
none in the two preceding sets 
of beds ; they disapjtear ui the 
three following periods, and 
reappear again in great num- 
bers in the Cenomanian, Turo- 
nian, and Senonian periods, 
and disappear again in the suc- 
ceeding one. These can hardly 
lie missed from any negligence or oversight in the 
examination of these deposits, for they are by no 
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means rare. They are found always in great 
numbers, occupying crowded beds, like Oysters 
in the present time. So numerous are they, where 
they occur at all, that the deposits containiBg 
them are called by many naturalists the first, sec- 
ond, third, and fourth bank of Budistes. Which 
of the ordinary Bivalves, then, gave rise to this 
very remarkable form in the class, allowed it to 
die out, and revived it again at various intervals? 
This is by no means the only instance of the 
same kind. There are a number of types mak- 
ing their appearance suddenly, lasting during 
one period or during a succession of periods, and 
then disappearing forever, while others, like the 
Budistes, come in, vanish, and reappear at a later 
time. 

I am well aware that the advocates of the de- 
velopment-theory do not state their views as I 
have here presented them. On the contrary, they 
protest against any idea of sudden, violent, ab- 
rupt changes, and maintain that by slow and im- 
perceptible modifications during immense periods 
of time these new types have been introduced 
without involving any infringement of the ordi- 
nary processes of development ; and they account 
for the entire absence of corroborative facts in 
the past history of animals by what they call the 
" imperfection of the geological record." Now, 
while I admit that our knowledge of geology is 
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still very incomplete, I assert that just where the 
direct sequence of geological deposits is ueeded 
for this evidence, we have it. The Jurassic beds, 
without a sijiglc modern scaly Fish, are iu imme- 
diate contact with the Cretaceous heds, in which 
the Fislies of that kind are proportionately almost 
as numerous as they are now ; and hetweeu these 
two sets of deposits there is not a trace of any 
transition or intermediate form to unite the rop- 
tiljan Fishes of the Jurassic with tlie common 
Fishes of the Cretaceous times. Again, the Cre- 
lus heds in wliicli the crowded banks of Ru- 
siugular and unique in form, first make 
leir appearance, follow immediately upon those 
in which all the Bivalves are of an entirely differ- 
ent character. In short, the deposits of this year 
along any sea-coast or at the mouth of any of our 
rivers do not foUow more directly upon those of 
last year than do these successive sets of beds of 
ist ages follow upon each other. In making 
(6 statements, I do not forget the immense 
;h of the geological periods; on the contrary, 
C_ftilly accede to it, and believe that it is more 
ikely to have been underrated than overstated. 
.t let it be increased a thousand-fold, the fact 
remains, that these now types occur conunonly at 
the dividing line where one period joins the next, 
just on tlie margin of both. 
For years I have collected daily among some 
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of these deposits, and I know the Sear-Urchins, 
Corals, Fishes, Crustacea, aod Shells of those old 
shores as well as I know those of Nahant Beach, 
and there is nothing more striking to a natural- 
ist than the sudden, abrupt changes of species m 
passing from one to another. In the second set 
of Cretaceous beds, the Ncocomian, there is found 
a little Terebratula (a small Bivalve Shell) in 
immense quantities : they may actually be col- 
lected by the bushel. Pass to the Urgouian beds, 
resting directly upon the Neocomian, aud there is 
not one to be found, and an cutirely new species 
conies in. There is a peculiar Spataiigus (Sea- 
Urchin) found throughout the whole series oL, 
beds in which this Terebratula occurs. At t 
same moment that you miss the Shell, the S 
Urchin disappears also, and another takes ; 
place. Now, admitting for a moment that t 
later can have grown out of the earlier fonn8,( 
maintain, that, if this he so, the change is immfr^ 
diate, sudden, without any gradual transitions, 
and is, therefore, wholly inconsistent with all oui 
known physiological laws, as well as with 1 
tr an smutation-theory . 

Tliere is a very singular group of 1 
in the Cretaceous epoch, which, were it not I 
the suddenness of its appearance, might seem 
rather to favor the developmenl^theory, from itB 
great variety of closely allied for 
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traced the Chambered Shells from the straight, 
simple ones of the earliest epochs up to the in- 
tricate and closely coiled forms of the Jurassic 
epoch. lu the so-called Portlaud stone, belonging 
to the upper set of Jurassic beds, there is onl^ 
one typo of Ammoniie ; but in the Cretaceous 
beds, immediately above it, there set in a number 
of different genera and distinct species, including 
the most fantastic and seemingly abnormal forms. 
It is as if the close coil by which these shells had 
been characterized during the 
Middle Age had been sudden- 
ly broken up aud decomposed 
nto an endless variety of out- 
Some of these new types 
HI retain the coil, but the 
lihorls are much less compact 
before, as in the Crioceras 
S^giire 1) ; in others, the di- 
rection of the coil i 
to make a spiral, as in the Tur- 
rilitos (Figoi'e 2) ; or the shell 
starts with a cod, then proceeds in 
a straight line, and changes to a 
curve again at the other extremity, 
as in the Ancyloceras (Figure 3), 
or in the Scaphites (Figure 4), in 
which the first coil is somewhat 
closer than in the Ajicyloceras ; or 
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the tendency to a coil is reduced to a single 
curve, so as to give the Bliell the outline of a 




horn, as in the Toxoceras (Fijiiro 5) ; or the 
coil is entirely lost, and the shell reduced to 
its primitive etraiglit form, as in the Baculit£S 
(Figure 6), whit 
except for their 
(ill la ting partitio] 
might be mlstaki 
'''« « for the Orthocera- 

tites of the Silurian and Devonian epc 
presented here but a few species of these exi 
ordinary Cretaceous Ammonites, and, strange 
say, with this breaking-np of the type into ft 
her of fantastic and often contorted shapes, it dis- 
appears. It is singular that forms so unusual 
and so contrary to the previous regularity of Qas 
group should accompany its last stage of 
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ence, and seem to shadow forth by their Etrango 

contortions the final dissolution of their type. 
Wlioii I look upon a collection of these old sliells, 
I can never divest myself of an impression that 
■the contortions of a death-struggle have been 
made the pattern of living types, and with that 
'Bte whole group has ended. 

Now shall WD infer that the compact, closely 
Coiled Ammonites of the Jurassic deposits, while 
continuing their own kind, brought forth a vari- 
f of other kinds, and so distributed these new 
QIC elements as to produce a large number 
F distinct genera and species ? I confess that 
bese ideas are so contrary to all I have learned 
Tom Nature in the course of a long life that I 
3iould be forced to renounce completely the re- 
alts of my studies in Embryology and Paleeontol- 
y before I could adopt these new views of the 
bri^n of species. And while Uie distuiguished 
riginator of this theory is entitled to our highest 
t for his scientific researches, yet it should 
hot be forgotten that the most conclusive evidence 
brotight forward by hira and his adherents is of a 
negative character, drawn from a science in which 
they do not pretend to have made personal inves- 
tigations, that of Geology, while the proofs they 
offer us from their own departments of science, 
those of Zoology and Botany, are derived from 
sflhservations, still very incomplete, upon do- 
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mesticated animals and cultivated plants, which 
can never be made a test of the origin of wild 
species.* 

In my next article I shall show the relation be- 
tween the Cretaceous and Tertiary epochs, and 
see whether there is any reason to believe that 
the gigantic Mammalia of more modem times 
were derived from the Beptiles of the Secondary 
age. 

* The adTocates of the developmeiit-theory allnde tx> the meta- 
morphosis of aninials and plants as sapporting their view of a 
change of one species into another. They compare the passage 
of a common leaf into the calyx or crown-leaves in plants, or 
that of a larva into a perfect insect, to the passage of one spe- 
cies into another. The only objection to this aigument seems 
to be, that, whereas Nature daily presents ns myriads of ex- 
amples of the one set of phenomena, showing it to be a norm, 
not a single instance of the other has ever been known to occur 
either in the animal or in the vegetable kingdom. 



THE TERTIARY AGE, AND ITS CHAR- 
ACTERISTIC AXIilALS. 



Htbe 



IN entering upou the Tertiaries. we reach U»t 
geological age which, next to his own, has 
the deepest interest for man. Tlie more striking 
scenes of animal life, hitherto confined cfaiefltr to 
the ocean, are now on land ; the exten^re sheets 
1^ fresh water are filled with fii^hes of a oompai> 
•lively modern character, — witli Whilefish, Pick- 
erel, Perch, Eels, etc., — while the lai^r quad- 
ipeds are introduced upon the continents so 
;ually prepared to receive them. The con- 
ition of events throughout tlie Tertiaries, coa- 
£dered as leading up to the coming of man, may 
traced not only in the physical condition of the 
and in the presence of the large terrestrial 
Mammalia, but also in the appearance of those 
ups of animals and plants which wo naturally 
associate with the domestic and social existence 
of maji. Cattle and Horses are first found in the 
middle Tertiaries ; the grains, the Rosacese, witli 
their Tariety of fruit;-, the tropical fruit-trccB, 
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Oranges, Bananas, etc., the shade- and cluste^ 
trees, so important to the comfort and shelter of 
man, are adddd to the vegetable world during 
these epochs. The fossil vegetation of the Terti- 
aries is, indeed, most interesting &om this point 
of view, showing the gradual maturing and com- 
pletion of those conditions most intimately associ- 
ated with human life. The earth had already its 
seasons, its spring and simmier, its autunm and 
winter, its seed-time and harvest, though neither 
sower nor reaper was there ; the forests then, as 
now, dropped their thick carpet of leaves upon 
the ground in the autumn, and in many localities 
they remain where they originally feU, with a 
layer of soil between the successive layers of 
leaves, — a leafy chronology, as it were, by which 
we read the passage of the years which divided 
these deposits from each other. Where the leaves 
have fallen singly on a clayey soil favorable for 
receiving such impressions, they have daguerro- 
typed themselves with the most wonderful accu- 
racy, and the .Oaks, Poplars, Willows, Maples, 
Walnuts, Gum- and Cinnamon-trees, etc., of the 
Tertiaries are as well known to us as are those of 
our own time. 

It was an eventful day, not only for science, 
but for the world, when a Siberian fisherman 
chanced to observe a singular mound lying near 
the mouth of the River Lena, where it empties 
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into the Arctic Ocean, During the warmer sum- 
mer-weather, he noticed, that, as the snow gi-adu- 
ally melted, this mound assumed a more distinct 
and prominent outline, and at length, on one side 
of it, where the heat of the sun was greatest, a 
dark body became exposed, which, when com- 
pletely uncovered, proTed to be that of an im- 
mense elephant, in so perfect a state of pieservar 
laon that the dogs and wolves were attracted to it 
as by the smell of fresh meat, and came to feed 
upon it at night. The man knew little of the 
TEtlae of his discovery, hut the story went abroad, 
and an Englishman travelling in Eussia, being 
carious to verify it, visited the spot, and actually 
foond the remains where they had been reported 
to lio, on the frozen shore of the Arctic Sea, — 
stnu^ btirial-placc enough for an animal never 
known to exist out of tropical climates. Little 
beside the skeleton was left, though parts of the 
skin remaiiied covered with hair, showing how 
perfect must have been the condition of the body 
when first exposed. The tusks had been sold by 
the fisherman ; but Mr. Adams succeeded in re- 
covering them ; and collecting all the bones, ex- 
cept those of one foot, which had been carried o£F 
by the wolves, he had them removed to St. Pe- 
tersburg, where the skeleton now stands in the 
Lsperial Museum. The inhabitants of Siberia 
1 to be familiar with this animal, which they 
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designate bj tJbe name of Mantimtk, vhile lutu- 
ralists call it EUphas primigmim: The dicum- 
Btance that they abomid in the boiea drifi of the 
great northern plain of Afia, and are occasioitallf 
exposed in consequence of the veariiig of the 
large rivers traversing Siberia, has led lo the sn- 
peretition among the Tongouses, that the Mam- 
moths live under ground, and die whenever, m 
coming to tlie surface, the sunlight tails upi; 
them. 




Had tills been the only creature of the 1 
found so far from the countries to whit^ i 
phants are now exclusively confined, it : 
have been believed that some strange accidi 
had brought it to the spot where it v 
But it was not long before similar r 
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i in Tarioue parte of Europe, — in Russia, in 
many, in Spaia, and In Italy. The latter 
were readily aooounted for by the theory that 
they must be the remains of the Carthaginiaii 
elephants brought over by the armies of Hanni- 
bal, while it was suggested that the others might 
have been swept from India by some great flood, 
and Btranded where they were found. It was 
Cuvier, entitled by Ms intimate acquaintance 
with the anatomy of living animals to an authori- 
tative opinion iu such matters, who first dared to 
assert that these remains belonged to no elephant 
of onr period. He rested this belief upon struct- 
Ural evidence, aud insisted that an Indian ele- 
phant, brought upon the waves of a flood to Si- 
beria, would be an Indian elephant still, while all 
these remains diSerod in structure from ony spe- 
cies existing at present. Tins statement aroused 
research in every direction, and the number of 
fossU Mammalia found within the nest few years, 
and proved by compariBon to be different from 
any living species, soon demonstrated the truth 

ibis oonclusion. 
Shortly after the discovery of fossil elephants 
I opened this new path of investigation, some 
curious bones were found by some workmen in 
the quarries of Montmartre, near Paris, and 
brought to Cuvier for examination, Altliough 
' in numbers, and affording but very scanty 
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data for Buch a decision, he at once prouoiuiced 
them to be the remains of some extinct aiiimal 
preceding the present geological age. Hi 
then, at his very door, as it were, was a set 
ment of that old creation in which he could 
sue the inquiry, already become so important in 
its bearings. It was not long before other bones 
of the same kind were found, though nothing as 
yet approaching an entire skeleton. However, 
with such means as he had, Cuvier began a com- 
parison with all the living Mammalia, — with the 
human skeleton first, with Monkeys, with the 
larger Carnivora and Ruminants, then with all 
the smaller Mammalia, then with the Pachy- 
derms ; and here, for the first time, he began to 
find some resemblance. He satisfied himself that 
the animal must have belonged to the family of 
Pachyderms ; and he then proceeded to analyze 
and compare all the living species, till he had col- 
lected ample evidence to show that the bones in 
question did not correspond with any species, and 
could not even be referred to any genus, now in 
existence. At length there was discovered 
Montmartre an upper jaw of the same animal, 
next a lower jaw, matching the upper one, 
presently a whole head with a few backbones 
was brought to light. These were enough, with 
Cuvier's vast knowledge of animal structure, to 
give him a key to the whole skeleton. At aboi 
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the samo time, in the same locality, were found 
other bones and teeth also, differing from those 
first discovered, and yet equally unlike those of 
any living animal. The first evidently belong- 
ing to some stout and heavy animal, the others 
were more slender and of lighter build. From 
dieBe fragments, ample evidence to him of his 
result*, he drew the outlines of two animals : 
one which he called the Palsotherium (old 




^ 



animal), a figure of which is given in the above 
wood-cut, and the other Anoplothcrium (animal 
without fangs). He presented these figures with 
an explanatory memoir at the Academy, and an- 
nounced them as belonging to some creation pre- 
ceding the present, since no such animals had 
ever existed in our own geological period. Such 
it statement was a revelation to the scientific 
irorld : some looked upon it with suspicion and 
distrust ; others, who knew more of comparative 
anatomy, haile^ it os introducing a new era in 
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science ; but it was not till complete specimonB 
were actually found of animals corresponding fw- 
fectly to those figured and described by Cuvier, 
and proving beyond a doubt their actual exist- 
ence in ancient times, that all united in wonder 
and admiration at the result obtained by him 
with such scanty means. 

It would seem that the family of Pachyderm 
was largely represented among the early Mam- 
malia i for, since Cuvier named these species, a 
number of closely allied forms have been foi 
in deposits belonging to the same epoch, 
course, the complete specimens are rare ; but 
fragments of such -skeletons occur in abundance,' 
showing that these old-world Pachyderms, ro- 
sembliug the Tapirs more than any other living 
representatives of the family, were very numerous 
in the lower Tertiaries. 

There is, however, one animal now in exist 
ence, forming one of those singular links befcn^ 
alluded to between the present and the past, 
which I will say a few words here, though its 
lation is rather with a later group of Terti) 
Pachyderms than with those described by Cuvii 
On the coast of Florida there is an animal of V£ 
massive, clumsy buQd, long considered to 
Cetacean, but now recognized, by some uatuj 
ists at least, as belonging to the order of Pt 
yderms. In form it resembles *he Cetacei 
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mgh it has' a faa-shnped tai], instead of the 

I flapper of the Whales. It inhabits fresh 

B or shoat waters, and is not so exclusively 

iiatic as the oceanic Cetaceans, Its most strik- 

s the form of the lower jaw, which is 

nt downward, with the front teeth hanging 

This animal is called the Manatee, or 

Tliere are three species known to 

ts, — one in Tampa Bay, one in the 

in, and one in the Red Sea. In the Ter- 

f deposits of Germany there has been found 

ll animal allied in some of its features to those 

bribed by Cuvier, but it has the crown of its 

»th folded like the Tapir, while the lower jaw 

En turned down with a long tusk growing from it, 

s animal has been called the Dinotherium, A 

t of the head, showing the heavy jaws and the 

midable tusk, is 

the 



yoined wood-cut. 
langing lower 
with the pro- 
truding tiisk, corre- 
sponds perfectly to 
the formation of tlio 
lower jaw and teeth 
in the Manatee. 

me resemblance 

the Dinotherium to the Mastodon 
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comparison with that animal as the next step in 
the investigation, when it was found that at Ibe 
edge of the lower jaw of the latter there was a 
pit with a small projecting tooth, also correspond- 
ing exactly in its position to the tusk in the Di- 
notherium. The Elephant was now examined; 
and in him also a radimentary tooth appeared in 
the lower jaw, not cut through, but placed in the 
same relation to the jaw and the other teeth as 
that of the Mastodon. It would seem, then, that 
the Manatee makes one in this series of Dinothe- 
rium. Mastodon, and Elephant, and represents 
the aquatic Pachyderms, occupying the same re- 
lation to the terrestrial Pachyderms as the Seals 
bear to the terrestrial GamiYora, and, like them, 
lowest in structure among their kind. 

The annoxmcement of Cuvier's results stimu 
lated research, and from this time forward Ter- 
tiary 3Iammalia became the subject of extensive 
and mo^t important investigations among natu- 
ralists. The attention of collectors once drawn 
to these remains, they were foimd in such num- 
bers that the wonder was how they had been so 
long hidden from the observation of men. They 
remind us chiefly of tropical animals; iadeed, 
Tigers, Hyenas, Rhinoceroses, Hippopotamuses, 
Mastodons, and Elephants had their home in 
countries which now belong to the Cold Temper- 
ate Zone, showing that the climate in the^ lati 
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tudes was much milder then than it is at present. 
Bones of manj of these auimals were found in 
caverns in Germany, France, Italy, and England. 
Perliaps the story of Kirkdale Cave, where the 
first important discovery of this kind was made 
mtfi English soil, may not be so well known to 
^naericau readers as to forbid its repetition here. 
El: It was in the stmimer of 1821 that some work- 
men, employed in quarrying stone upon the slope. 
of a limestone hill at Kirkdale, in Yorkshire, came 
accidentally upon the mouth of a cavern. Over- 
grown with grass and bushes, the mouth of this 
cave in the Mil-side had been effectually dosed 
against all intruders, and it was strange that its 
existence bad never been suspected. The hole 
was small, but largo enough to admit a man on 
his bauds and knees; and the workmen, creep- 
ing in through the opening, found that it led into 
a cavern, broad in some parts, but low through- 
out. There were only a few spots where a man 
could stand upright ; but it was quite extensive, 
with branches opening out from it, some of which 
have not yet been explored. The whole floor was 
strewn, from one end to tlie other, with hundreds 
of bones, like a huge dog-kennel. The workmen 
wondered a little at their discovery, but, remem- 
bering that there had been a murrain among the 
cattle in this region some years before, they came 
to the conclusion that these must be the bones of 
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cattle that had died in great nnmberB at that 
time ; and, having so settled the matter to their 
own satisfaction, they took little heed to the 
bones, but threw many of them out on the road 
with the common limestone. Fortunately, a gen- 
tieman, living in the neighborhood, whose atten- 
tion had been attracted to them, preserved them 
from destruction; and a few months after the 
discovery of the cave, Dr. Bucldand, the great 
English geologist, visited Kirkdale, to examine 
its strange contents, which proved indeed stran- 
ger than any one had imagined ; for many of 
these remains belonged to animals never before 
found in England. The hones of Hyenas, Tigers, 
Elephants, Rhinoceroses, and Hippopotamus^ 
were mingled with those of Deer, Bears, Wolves, 
Foxes, and many smaller creatures. The bones 
were gnawed, and many were broken, evidently 
not by natural decay, but seemed to have been 
snapped violently apart. After the most complete 
investigation of the circumstances, Dr. Bucldand 
convinced himself, and proved to the satisfaction 
of all scientific men, that the cave had been a 
den of Hyenas ■ at a time when they, as well as 

■ Among ike olher facts Bhowing that Eirkdale CaTe bad 
been tbe den of these animala, and not tenanted a^ their home 
bj any ot the other creatnres whose remains occurred there, were 
the excrements of the Hyenas found in caDGidcrablc qnantitf bj 
Dr. Bnckland, and identified OS ench by (he keeper of a meiiHge- 



ITS OHABACraWSlTO ANIMAES, 193' 

;er8, Elephants, Rhinoceroses, etc., existed in 
[land in as great numbers as thoy now do in 
wildest .parts of tropical Asia or Africa. The 
iw entrance to the cave still retains the marks 
of grease and hair, such as one may see on the 
bars of a cage in a menagerie against which the 
imprisoned animals have been in the habit of 
rubbing themselves constantly, and there were 
marks of the same kind on the floor and walla. 
It was evident that the Hyenas were the lords of 
this ancient cavern, and the other animals their 
unwilling guests ; for the remains of the latter 
were those which had been most gnawed, broken, 
and mangled ; and the head of an enormous Hy- 
ena, with gigantic fangs found complete, bore 
ample evidence to their great size and power. 
8ome of the animals, such as the Elephants, Bhi- 
noceroses, etc., could not have been brought into 
le cave without being first killed and torn to 
i, for it is not large enoiigh to admit them, 
iut their gnawed and broken bones attest, never- 
theless, that they were devoiu-ed like the rest ; 
and probably the Hyenas then had the same pro- 
pensity which characterizes those of our own 

lie. Anj one who may wiab to read the whole history of Dr. 
Bnckland's invesligittions of this matter, showing the patience 

EN^acitj with wtich he collected and arranged the erldencc, 
find a fall accoant of Kirkdala Cave aod other caverns coa- 
ng fossil bonea in his " ReliqnaB Dilorianffi," 
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time, to tear in pieces the body of any dead ani- 
mal, and carry it to their dea to feed upon it 
apart. 

While Kirkdale Cave was evidently tlie haunt 
of Hyenas chiefly, other caverns in Germany and 
Francf." v.-t.-vo teiiantuJ in a similar manner by a 



1 




gigantic species of Rear. Their remains, mingled 
with tliose of the animals on which they fed, have 
been found in great numbers in the Cavern of 
Gailenreuth, in Franeonia. The subjoined wood- 
cut shows the head of this formidable beast, which 
must have exceeded in size any Bear now living. 
Indeed, although there were many smaller kinds, 
and tlie other types of the Animal Kingdom in 
the Tertiaries seem to approach very nearly both 
in size and general character their modern repre- 
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sestatiTes, yet, on the whole, the earlier Mamma 
lia were giauts in comparisou with tliose now Ht- 
ing. Tlie Mastodon and Mammoth, aa compared 
with the modern Elephant, the Megatherium, aa 
compared with the Sloths, or Ant-Eaters of pre& 
ent times, the Hyenas and Bears of the European 
caverns, and the fossil Elk of L'eland, hy the side 




Ecli even the Moose of our Northern woods 
is belittled, are remarkable instances in proof of 
tliis. One cannot but bo struck with the fact 
that this first representation of Mammalia, tlie 
very impersonation of brute force in power, size, 
and ferocity, immediately preceded the inti'oduc- 
L,1ion of man, with whose creation intelligence and 
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moral strength became the domiiiaut itiHuences 



Among these huge Tertiary Mammalia, one of 
those most common on ihe North- American con- 
tinent seems to have been the Mastodon, The 
magnificent specimens preserved in this country 
are too well known to require description. The 
remains of the Rhinoceros occur also in the re- 
cent Tertiary deposits of North America, though 
as yet no perfect skeletons have been found. The 
Edentata, now confined to South America and the 
western coast of Africa, were also numerous in the 
Southern States during that time ; their remains 
have been found as far north as the Salt Lick in 
Eentucky. But we must not judge of the Ter- 
tiary Edentata by any now known to iis. The 
Sloths, the Armadillos, the Ant^Eaters, the Pan- 
golins, are all animals of 
rather small size ; but for- 
merly they were repre- 
sonled by the gigantic 
Megatherium, the Mega- 
lonyx, and the Mylodon, 
some of which were lai- 
ger than the Elephant, 
and others about the sixe 
of the Rhinoceros or Hip- 
popotamus. Tlie sub- ■ Mviw'on. 
joined wood-cut represents a Mylodon in tlic i 
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of lifting himself against the trunk of h tree. 
They were clumsy brutes, and though their limbs 
were evidently buUt with reference to powerful 
movemeuts, perhaps climbing, or at least rising 
on their hind quarters, the act of climbing with 
them cannot have had anything of the nmibleness 
or activity generally associated with it. On the 
contrary, they probably were barely able to sup- 
port their huge bodies on the hind limbs, which 
are exceedingly massive, and on the stiff, heavy 
tail, while they dragged down with their front 
limbs the branches of the trees, and fed upon 
them at leisure. The Zoological Museum at 
Cambridge is indebted to the generosity of Mr. 
Josh\ia Bates fur a very fine set of casts taken 
from the Megatherium bones preserved in the 
British Museum and the College of Surgeons. 
They are now mounted, and may be seen in one 
of the exhibition-rooms of tiie building. Large 
ilos, but very unlike those of the Creta- 
} and Jurassic epoclis, belonging chiefly to 

[•iypes of Turtles, Crocodiles, Pythons, and 
aiders, existed during the Tertiary epochs. 

e'Buhjoined wood-cut represents a gigantic Sal- 
mder of the Tertiary deposits. It is a curious 
f^ct, illusti'ative of the ignorance of all anatomi- 
cal science in those days, that, when tlie remains 
of this reptile (Andrias, as it is now called) were 
first discovered towai'ds tlie close of the seven- 
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teenth century, they were described by old Profes- 
sor Scheuclizer as the bones of an infant destroyed 




by the Dehige, and were actually preserved, not 
for their scientific value, but as precious relics of 
the Flood, and described in a separate pamphlet, 
entitled, "Homo Diluvii Testis." Among the 
Tertiary Reptiles the Turtles seem to have been 
a very prominent type, by their size as well as by 
their extensive distribution. Their remains have 
been fonnd botli in the far West and in the East. 
The fossil Turtles of Nebraska are well known to 
American naturalists ; but the Oriental one ex- 
ceeds thom in size, and is, indeed, the most gi- 
gantic representative of the order known thus 
far. A man could stand under the arch of the 
shield of the old Himalayan Turtle preserved in 
the Eritisli Museum. 
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It woiild carry me too far, were I to attempt 
I give anything more than the most cursory 
tetch of the animals of tlio Ti^rtisiry :igo ; aiid, 




[deed, they are so wall known, and have been 
I fully represented in test-books, that I fear 
me pf my readers may think even now that I 
ptre dwelt too long iipon them. Monkeys were 
unquestionably introduced upon eaith before the 
close of the Tertiaries ; some bones have been 
found in Southern Prance, and also on Mount 
Peiitelicus in Greece, in the later Tertiary depos- 
its ; but these remains have not yet been collected 
_in BufBeient number to establish much more than 
! fact of their presence in the animal creation 
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at that time. I do not offer any opinion respect- 
ing tlio fossil human bones so much discussed 
recently, because the evidence is at present too 
scanty to admit of any decisive judgment con- 
cerning them. It becomes, however, daily more 
probable that facts will force us sooner or later to 
admit that the creation of man lies far beyond 
any period yet assigned to it, and that a succes- 
sion of human races, as of animals, have followed 
one another ujion the earth. It may be the in- 
estimable privilege of our young naturalists to 
solve this great problem, but the older men of 
our generation must be content to renounce this 
hope ; wo may have some prophetic Tision of its 
fulfilment, wc may look from afar into the laoA 
of promise, but we shall not enter in and po»- 'j 



The other great types of tlie Animal Kingdom 
are very fully represented in the Tertlaries, and 
in their general appearance they approach much 
more closely those of the present creation than 
of any pravioue epochs. Professor Heor has col- 
lected and described the Tertiary Insects in great 
number and variety ; and the Butterflies, Bugs, 
Flies, Grasshoppers, Dragon-Flies, Beetles, etc., 
described in his volumes, would hardly be distin- 
guished from our own, except by a practised en- 
tomologist. Among Crustacea, the Shrimp-liko 
forms of the earlier geological epochs have ha» 
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me much less conspicuous, while Crabs and 
I now the prominent representatives 
J class. Among Molluska, the Chambered 
Shells, hitherto so numerous, have become, as 
they now are, very few in comparison with the 
Qtiked Cephalopods. The NautiU, however, re- 
semble those now lining in the Pacific Ocean; 
aud some fragments of the Faper-Nautilus have 
I foiiud, showing that this delicate shell was 
idy in existence. There is one very peculiar 
I of this class, belonging to the Tertiaries, 
vhich should not be passed by unnoticed. It 
partsltes of the character both of the Cretaceous 
Belemnitea and of tlio living Cuttle-Fish, and is 
;iiown as the Spirulirostra. Another very char- 




Wteristic group among tlio Tertiary Shells is that 
F the Nummulites, formerly placed by natuf^- 
s in inamedlate proximity with the Ammonites, 
I account of tlicir internal partitions. This is 
low admitted to have been an error ; their posi- 
bn is not yet fully determined, but they eer- 
dy stand very low in the scale, and have no 
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tiffiuity wliatevor with tlie Cephalopods. The sofc I 
joined wood-cut represental 
one of these Shells, i 
merous in the TertiaiieBl 
that loi^e masses of roi^l 
consist of their remsunt-J 
Tho Uuivalve Shells o 
teropods of the Tertiariesl 
embraced all tlie 

nuintnulile. ... - ■ ,. i x.i 

now living, including lamtj 

and fresh-watar Shells as well 
as the marine representatives 
of the type. Some of the lat- 
ter, as, for instance, the C&- 
ritbium, are accumulated in 
vast numbers. The limestone 
quarries out of which Paris is 
chiefly built consist almost 
wholly of these Shells. The 
fresh-water basins were filled 
with Helices, one of which is 
represented in the following 

wood-cut, w 

Limnseus, an 

resembling 



Planorbia 



common m 



aU 



and rivers, and differ 
from the living ones o. 
by slight specific characters!^ 
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^Bifl Bivalves also have the same resemblance 
^ft the present ones, mcludmg fresh-water Mus- 
Hfe, as the marine Clams and Oysters. Among 
^■adiates, the higher Echini (Sea-Urchins) have 
^Bcome numerous, while the other Echinoderms 
H^ all families abouud. Corals include, for the 
Hcst time, the more higldy organized Madrepores. 
^■In the Tertiaries we see the dawn of the pres- 
^pt condition of things, not only in the character 
^f the animals and plants, but in the height of 
the moimtains aJid in the distribution of land and 



Let us give a glajice at the continents whose 
growth we have been following, and see what 
these more recent geological epochs have done 
for their completion. In Europe they have filled 
the basin in Central France, and converted all 
that region into dry laud; they have filled ajao 
channel between France and Spain ; they 

[Ve united Centi'al Kussia with tlie rest of Eu- 
by the completion of Poland, and have 
greatly enlarged Austria and Turkey ; they have 
completed the promontories of Italy and Greece, 
and have converted the inland sea at the foot of 
the Jura into the plain of Switzerland. But this 
fruitful period in the progress of ttic world, when 
the character of organic life was higher and the 

lysical features of the earth more varied than 
before, was not without its storms and 
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convulsions. The Pyrenees, the Apennines, 
Alps, and with them the whole range of the Cai 
casus and Himalayas, were raised either immecK- 
ately after the Cretaceous epocli, or in the course 

of the Tertiaries, Indeed, with this most sigmfir 
cftnt passage in her- history, Europe acquired all 
her eefiential characters. There remained, it is 
true, much to be done in what is called by geolo- 
gists " modern times." The work of the artist is 
not yet finished when his statue is blocked out 
and the grand outline of his conception stands 
complete ; and there still remained, after the 
earth was rescued from the water, after her 
framework of mountains was erected, after hee^ 
soil ■ffas clothed with field and forest, procef 
by which lier valleys were to be made more 
fill, her gulfs to be liUed with the ricli detritatf' 
poured into them by the rivers, her whole surface 
to be rendered more habitable for the higher 
races who were to possess it. 

We left America at the close of the Carboi 
ous epoch. A glance at the geological map 
show tlie reader that during the Permian, Trii 
sic, and Jurassic epochs little was added to thj 
United States, though here and ther 
longing to each of them crop out. In the Orel 
ceous epocti, however, large tracts of land w* 
accumulated, chiefly in the South and West 
during the Tertiaries the continent was 
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Rpearly completed, leaving only a narrow gulf 
Fmnning up to the neigltborhood of St. Louis to 
be filled by modern detritus, and tlio peninsula 
of Florida to be built by the industrious Coral- 
Workers of our own period. The age of the Al- 
leghany chain is not yet positively determined, 
but it was probably raised at the close of the Car- 
boniferous epoch. Up to that time, only the 
Laurentian Hills, the northern side of that moun- 
tainous triangle which now makes the skeleton, 
as it were, of the United States, existed. The 
upheaval of the Allcghanies added its eastern 
side, raising the central part of the continent so 
as to form a long slope from the base of the Al- 
leghanies to the Pacific Ocean ; but it was not 
until the Tertiary Ago that the upheaval of the 
, great chaiu at the West completed the triangle, 
UiDd transformed that wide westerly slope into the 
nfiaaiEsippi Valley, bounded on one side by the 
^^Jleghaiiies, and on the other by the Boc^ 
Btfountauis. 

t- It is my belief, founded upon the tropical chsir-- 
aeter of the Fauna, that a much milder climate- 
then prevailed over the whole northern hemis- 
phere than is now known to it. Some uatural- 
iets have supposed that the presence of the tro- 
pical Mammalia in the Northern Temperate Zone 
might be otherwise accounted for, — that they 
t liave been endowed with wai'mer covering, 
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thicker hair or for. Bat I think the am- 
pler and more natural reascm for their existenee 
thronghom the North is to be found in the di£k^ 
ence of climate ; and I am the more inclined to 
this opinion because the Tertiary a-ninmlg gene^ 
ally, the Fishes, Shells, etc., in the same r^ims, 
are more closely allied in character to those now 
living in the Tropics than to those of the Tem- 
perate Zones. The Tertiary age may be called 
the geolo^cal summer ; we shall see, hereaHar, 
how abruptly it was brought to a close. 

One word more as to the relation of the Terti- 
ary Mammalia to the creation which preceded 
them. I can only repeat here the argument used 
before: the huge quadrupeds characteristic of 
these epochs make their appearance suddenly, 
and the deposits containing tiiem follow as imr 
mediately upon those of the Cretaceous epoch, in 
which no trace of them occurs, as do those of the 
Cretaceous upon those of the Jurassic epoch. I 
would remind the reader that in the central basin 
of Prance, in which Cuvier found his first Palsd- 
otherium, and which afterwards proved to have 
been thickly settled by the early Mammalia, the 
deposits of the Jurassic, Cretaceous, and Tertiary 
epochs follow each other in immediate, direct, 
uninterrupted succession ; that the same is true 
of other localities, in Germany, in Southern Eu- 
rope, in England, where the most complete col- 
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lections have been made from all these deposits ; 
and there has never been brought to light a sin- 
gle fact leading ns to suppose that any interme- 
diate forms have ever existed through which 
more recent types have been developed out of 
older ones. For thirty years Geology has been 
gradually establishing, by evidence the fulness 
and accuracy of which are truly amazing, the 
rejgularity in the sequence of the geological for- 
mations, and distinguishing, with ever-increasing 
precision, the specific diflFerences of the animals 
and plants contained in these .accumulations of 
past ages. These results bear living testimony 
to the wonderfiil progress of the kindred sciences 
of Gteology and PalaepntQlogy in the last half-cen- 
tury; and the development-theory has but an 
insecure foundation so long as it attempts to 
strengthen itself by belittling the geological rec- 
ord, the assumed imperfection of which, in de- 
fault of positive facts, has now become the favor- 
ite argument of its upholders. 




The long summer was over. For ages a ti 
ical climate had prevailed over a great part of 
the earth, and animals whose home is now be- 
neath the Equator roamed over the world from 
the far South to the very borders of the Arctics. 
The gigantic quadrupeds, the Mastodons, Ele- 
phants, Tigers,* Lions, Hyenas, Bears, whose re- 
mains are found in Europe from its southern 
promontories to the northernmost limits of_Sibe- 
ria and Scandinavia, and in America from the 
Southern States to Greenland and the MelviUe 
Islands, may indeed be said to have possessed the 
earth in those days. But their reign was over. 
■A sudden intense winter, that was also to last for 
ages, fell upon our globe ; it spread over the very 
countries where those tropical animals had their 
homes, and so suddenly did it come upon them 
that they were embalmed beneath masses of snow 
and ice, without time even for the decay which 
follows death. The Elephant whose story was 
told at length in the preceding article was by no 
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means a solitary specimen ; upon further inYes- 
tigation it was found that the disinterment of 
these large tropical animals in Northern Russia 
and Asia was no unusual occurrence. Indeed, 
their frequent discoveries of this kind had given 
rise among the ignorant inhabitants to the sin- 
gular superstition already alluded to, that gigan- 
tic moles lived under the earth, which cnimbled 
away and turned to dust as soon as they came to 
the upper air. This tradition, no doubt, arose 
from the fact, that, when in digging they came 
upon the bodies of these animals, they often 
found them perfectly preserved under the frozen 
ground, but the moment they were exposed to 
heat and light they decayed and fell to pieces at 
once. Admiral Wrangel, whose Arctic explora- 
tions have been so valuable to science, tells u3 
that the remains of these animals are heaped up 
in such quantities in certain parts of Siberia that 
he and his men climbed over ridges and mounds 
consisting entirely of tlie bones of Elephants, Rhi- 
noceroses, etc. From these facts it would seem 
that they roamed over all these northern regions 
in troops as large and numerous as the Buffalo 
herds tliat wander over our Western prairies 
now. We are indebted to Russian naturalists, 
^^and especially to Rathke, for the most minute in- 
^ferestigations of these remains, in which even the 
^Kexture of the hair, the skin, and flesh has been 
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subjected by him to microscopic examinatioa ns 
accurate as if made upon any living animal. 

Wo have as yet no clew to the source of this 
great and sudden change of chmate. Varioiia 
su^estioDS have been made, — among others, 
that formerly the inclination of the earth's asia 
was greater, or that a submersion of the conta- 
nents under water might liave produced a de- 
cided increase of cold ; but none of these esplar 
nations are satisfactory, and science has yet to 
find any cause which accounts for ail the phe- 
nomena connected witli it. It seems, however, 
unquestionable, that since the opening of the Ter- 
tiary age a cosmic summer and winter have sue- 
OOoded each other, during which a Tropical heat 
and an Arctic cold have alternately prevailed 
over a great portion of the present Temperate 
Zone. In the so-called drift (a superficial de- 
posit subsequent to the Tertiaries, of the origin 
of which I shall speak presently) there are foi 
far to the south of their present abode the 
mains of animals whose home now is in the 
tics or the coldest parts of the Temperate Zones, 
Among tliem are the Musk-Os, tlie Reindeer, the 
Walrus, the Seal, and many kinds of Shells char^ 
acteristic of ttie Arctic regions. The northern- 
most part of Norway and Sweden is at this day 
the southern limit of the Reindeer in Europe; 
but their fossil remains are found in large qui 
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tities in the drift about the neighborhood of Paris, 

and quite recently they have been traced even to 

} foot of the Pyrenees, where their presence 

ronld, of course, indicate a climate similar to 

B one now prevailing in Northern Scajidinavia. 

side with the remains of the Reindeer 

e found those of the European Marmot, whose 

peesent home is in the mountains, about six thou- 

tnd feet above the level of the sea. The occur- 

Ifence of these animals .in the superficial deposits 

t the plains of Central Europe, one of which is 

' confined to tlie high North, and the other 

mountain-heights, certainly indicates an entire 
uige of climatic conditions since the time of 

r existence. European Shells now confined 
I the Northern Ocean are found as fossils in 
aly, — showing that, while the present Arctic 
late prevailed in the Temperate Zone, that of 
a Temperate Zone extended much farther south 
a the regions we now call sub-tropical. In Amer- 
ica there is abundant evidence of the same kind ; 
throughout the recent marine deposits of the 
Temperate Zone, coToring the low lands above 
tide-water on this continent, are found fossil 
Shells whose present home is on the shores of 
Greenland. It is not only in the Northern hem- 
isphere that these remains occur, but in Africa 
and in South America, wherever there has been 

1 opportunity for investigation, the drift is found 
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to contain the traces of tmimak whose presence 
iudicates a climate many degrees colder than tliat 
now prevailing there. 

But these organic remains are not the only evi- 
dence of the geological winter. There are a num- 
ber of phenomena indicating that during this 
period two vast caps of ice stretched from the 
Northern pole southward and from tlie Southern 
pole northward, extending in each case far tow- 
ard the Equator, — and that ice-fields, such as 
now spread over the Arctics, covered a great part 
of the Temperate Zones, while the line of perpetr 
ual ice and snow in the tropical momitain-ranges 
descended far below its present limits. As the 
explanation of these facts has been drawn from 
the study of glacial action, I shall devote this and 
subsequent articles to some account of glaciers 
and of the phenomena connected with them. 

The first essential condition for the formation 
of glaciers in mountain-ranges is the shape of 
their valleys. Glaciers are by no means in pro- 
portion to the height and extent of mountains. 
There are many moimtain-chains as high or high- 
er than the Alps, which can boast of but few and 
small glaciers, if, indeed, they have any. In the 
Andes, the Rocky Mountains, the Pyrenees, the 
Caucasus, ttie few glaciers remaining from the 
great ice-period are insignificant in size. Th^ 
volcanic, cone-like shape of the Andes gives i 
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1, but little chance for the formation of gle- 
iers, though their summits are capped with 
The glaciers of the Rocky MountainB 
lave been Uttlo explored, but it is known that 
ley are by no means extensive. In the Pyreneea 
a is but one great glacier, though the height 
e mountains is such, that, were the shape 
f their valleys favorable to the accumulation of 
now, they might present beautiful glaciers. In 
^&e Tyrol, on the contrary, as well as in Norway 
Rtoid Sweden, we &id glaciers almost as fine as 
rtiiose of Switzerland, in mountain-ranges much 
fwer than either of the above-named chains. 
But they are of diversified forms, and have val- 
leys widening upward on the slope of long crests. 
P-The glaciers on the Caucasus are very small in 
proportion to the height of the range ; but on the 
northern side of the Himalaya there are large 
«nd beautiful ones, while the southern slope is 
most destitute of them. Spitzbergen and Qreen- 
e famous for their extensive glaciers, com- 
g down to the sear^hore, where huge masses of 
, many hundred feet in thickness, break off 
md float away into the ocean as icebergs. At 
^&e Aletsch in Switzerland, where a little lake 
3 in a deep cup between the mountains, with 
: glacier coming down to its brink, we have 
lese Arctic phenomena on a small scale ; a min- 
iature iceberg may often be seen to break off from 
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the edge of the larger mass, and float out Uj 
the surface of the water. Icebergs were 
traced back to their true origin by the nature of 
the land-ice of which they are always composed, 
and which is quite distinct in structure and con- 
sistency from the marine ice produced by frozen 
eea-water, and called " ice-flow " by the Arctic 
explorers, as well as from the pond or river ice, 
restilting from tho simple congelation of fresh 
water, the laminated structure of which is in 
striking contrast to the granular structure o{' 
glacier ice. 

Water is changed to ice at a certain tempel 
ture under the same law of crystallization IJy' 
which any inorganic bodies in a fluid state may 
assume a solid condition, taking tho shape of per- 
fectly regular crystals, which combine at cert^ 
angles with mathematical precision. The frost 
does not form a solid, continuous sheet of ice 
over an expanse of water, but produces ci 
little ice-blades, as it were, which shoot into 
other at angles of thirty or sixty degrees, 
ing the closest net-work. Of course, under the 
process of alternate freezing and thawmg, these 
crystals lose their regularity, and soon become 
merged in each other. But even then a mass of 
ice is not continuous or compact tliroughout, for 
it is rendered completely porous by air-bubbles,j 
the presence of which is easily explained. 
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^ing in a measure transpareiit to beat, the vator 
^low any frozen surface 18 nearly aa susceptible 
3 elevation of tbe temperature without as if 
ire in immediate contact with it. Such 
Luges of temperature produce air-bubbles, which 
t upward against tbe lower surface of the ioe 
tfid are stranded there. At night there may 
ne a severe frost ; now ico ia then formed be- 
r tbe air-bubbles, and they are thus caught and 
mprisoned, a layer of air-bubbles between two 
layers of ice, and this process may be continued 
until we have a succession of such parallel lay- 
ers, forming a body of ice more or less permeated 
)ritb air. These air-bubbles have the power also 
f extending their own area, and thus rendering 
3ie whole mass still more porous ; for, since the 
e offers little or no obstacle to the passage of 
►eat, such an air-bubble may easily become heated 
Buring the day ; tbe moment it readies a temper- 
ature above tbirty-two degrees, it melts tbe ice 
wuiid it, thus clearing a little space for itself, 
[{md rises through the water produced by tbe ac- 
^^n of its own warmth. Tlie spaces so formed 
3 so many vertical tubes in the ice, filled with 
Btrater, and having an air-ijubble at tbe upper ex- 
remity. 
Ice of this kind, resulting from the direct con- 
elation of water, is easily recognized under all 
Mrcumstances by its regular stratification, the 
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alternate beds varying in tliickuess according to 
the inteusitj of the cold, and its continuance be- 
low the freezing-point during a longer or shorter 
period. Singly, these layers consist of irregular 
crystals confusedly blended together, as iu large 
masses of crystalline rocks in which a crystalline 
structure prevails, though regular crystals occur 
but rarely. The appearance of stratification is 
the result of the circumstances under which the 
water congeals. The temperature varies much 
more rapidly in the atmosphere around the earth 
than in the waters upon its surface. When the 
atmosphere above any sheet of water sinks be- 
low tlie freezing-point, there stretches over its 
surface a stratuni of cold air, detenniniiig by il 
intensity and duration the formation of the firsfcl 
stratum of ice. According to the alternations G 
temperature, this process goes on with varyi 
activity until the sheet of ice is so thick that 3 
becomes itself a shelter to the water below, and* 
protects it, to a certain degree, from the cold 
without. Thus a given thickness of ice may 
cause a suspension of the freezing process, antll 
the first ice-stratum may even be poi'tially thawej^ 
before the cold is renewed with such intensity a 
to continue the thickeuing of the ice-sheet by the 
addition of fresh layers. The strata or beds of 
ice increase gradually in this manner, their sep- 
aration being rendered still more distuict by t 
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accumulation of air-bubbles, which, during a 
warm and clear day, may rise from a muddy 
bottom in great nurabora. In consequence of 
these occasional collections of air-bubbles, the 
layers differ, not only in density and closeness, 
but also in color, the more compact strata being 
blue and transparent, while those containing a 
greater quantity of air-bubbles are opaque and 
vbitish, like water beaten to froth. 

A cake of pond-ice, sucli as is daily left in 
Hammer at our doors, if held against the light 
and turned in different directions, will exhibit 
all these phenomena very distinctly, and we may 
learn still more of its structure by watching its 
gradual melting. The process of decomposition 
is as diSerent in fresh-water ice and in land- or 
glacier-ice as that of their formation. Pond-ice, 
IE contact with warm air, melts uniformly over 
its whole surface, the mass being thus gradually 
reduced from the exterior till it vanishes com- 
pletely. If the process be slow, the temperature 
of the air-bubbles contained in it may be so raised 
as to form the vertical funnels or tubes alluded 
to above. By the anastomosing of these funnels, 
the whole mass may be reduced to a collection of 
angular pyramids, more or less closely united by 
cross-beams of ice, and it finally fulls to pieces 
Then the spaces in the interior have become bo 
munerous as to render it completely cavernous. 
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Such a breaking-up of the ice is always caused 
by the enlargement of the open spaces produced 
by the elevated temperature of the air-bubbles, 
these spaces being necessarily more or less par- 
allel with one another, and vertical in their posi- 
tion, owing tfl the natural tendency of the air- 
bubbles to work their vaj upward till they reach 
the surface, where they escape. A sheet of ii 
of this kind, floating upon water, dissolves in ^ 
same manner, melting wholly from the surfaj) 
if the process be sufficiently rapid, or falling | 
pieces, if the air-bubbles aro gradually raised | 
their temperature sufficiently to render the whoj 
mass cavernous and incoherent. If we now & 
pare these facts with what is known of the b' 
ture of land-ice, we shall see that the mode i 
fbrmatioti in the two cases differs essentially. 

Land-ice, of which both the ice-fields of the 
Arctics and the glaciers consist, is produced by 
the slow and gradual transformation of snow into 
ice ; and though the ice thus formed may eventu- 
ally be as clear and transparent as the purest 
pond- or river-ice, its structure is nevertheless en- 
tirely distinct. We may compare these different 
processes during any moderately cold winter in 
the ponds and snow-meadowa immediately about 
us. We need' not join an Arctic exploring expe- 
dition, nor even undertake a more temptmg trip 
to the Alps, in order to investigate these phenoi 
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H^Bta for ourselTea, if we have any curiosity to do 
" 80. The first warm day after a thick fall of light, 
dry snow, such as occurs iu the coldest of oar 
winter weather, is sufficient to melt its surface- 
As this snow is porous, the water readily pene- 
trates it, having also a tendency to sink by ita 
own weight, so that the whole maBs becomes 

kjQore or less filled with moisture in the course of 
fte day. During the lower temperature of the 
tfght, however, the water is frozen again, and the 
' (mow is now filled with new ice-particles. Let 
tliis process be continued long enough, and the 
mass of snow la changed to a kind of ice-gravel, 
I or, If the grains adhere together, to something 
B)fte what we call pudding-stone, allowing, of 
P^Ourse, for the difierence of material ; the snow, 
■which has been rendered cohesive by the process 
of partial melting and regelation, holding the ice- 
globules together, just as the loose materials of 
the pudding-stone are held together by the cem- 
ent which unites them. 

"Within this mass, air is intercepted and held 
inclosed between the particles of ice. The pro- 
cess by which snow-flakes or snow-crystals are 
transformod into grains of ice, more or less com- 
pact, is easily understood. It is the restilt of a 
partiiJ thawing, under a temperature maintained 
Tery nearly at thirty-two degrees, falling some- 
mes a little below, and then rising a little above 
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the freezing-point, and thus producing constant 
alternations of freezing and thawing in the same 
maGE of snow. This process amounts to a kind of 
kneading of the snow, and when combined with 
the cohesion among the particles more closely 
held together in one snow-flake, it produces gran- 
ular ice. Of course, the change takes place grad- 
ually, and is unequal in its progress at different 
depths in the same bed of recently fallen snow. 
It depends greatly on the amount of moisture 
infiltrating the mass, whether derived from the 
melting of its own surface, or from the accumu- 
lation of dew or the falling of rain or mist upon 
it. Tlie amount of water retained within- the 
mass will also be greatly affected by the bottom 
on which it rests and hy the state of the atmos- 
phere. Under a certain temperature, the snow 
may only be glazed at the surface by the formar 
tion of a thin, icy crust, an oiiter membrane, as 
it were, protecting the mass below from a deeper 
transformation into ice ; or it may be rapidly 
soaked throughout its whole bulk, the snow being 
thus changed into a kind of soft pulp, what we 
conamouly call slosli, which, upon freezing, be- 
comes at once compact ice ; or, the water sinking 
rapidly, the lower layers only may be soaked, 
wMe the upper portion remains comparatively 
dry. But, under all these various circumstanoea, 
frost will transform the crystalline snow into mon^ 
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ia less compact i 
eomposed of an infinite number of aggregated 
snow-particles, very unequal in regularity of out- 
line, and cemeuted by ice of another kind, derived 
&om the freezing of the infiltrated moisture, the 
whole being interspersed with air. Let the tem- 
perature rise, and such a mass, rigid before, will 
resolye itself again into disconnected ice-particloa, 
like grains more or less rounded. The process 
ated till the whole mass is tran»- 
led into very compact, almost uniformly 
J^Visparent and blue ice, broken only by the 
intervening air-biibbles. Such a mass of ice, 
when exposed to a temperature sufficiently high 
to dissolve it, docs not melt from the surface and 
disappear by a gradual diminution of its bulk, 
like pond-ice, but crumbles into its original gran- 
its, each oue of which melts separ 
itely. This accounts for the sudden disappear- 
of icebergs, which, instead of slowly dissolv- 
into the ocean, are often seen to fall to pieces 
vanish at once. 
Ice of this kind may be seen forming every 
.ter on our sidewalks, on the edge of the little 
ditches which drain them, or on the summits of 
broad gate-posts when capped with snow. Of such 
icd glaciej-s are composed ; but, iu the glacier, 
another element comes iu which we have not 
flonsidered as yet, — that of immense pressure 
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in consequence of the vast accumulations of snow 
within circumscribed spaces. We see the same 
effects produced on a small scale, when snow is 
transformed into a snowball between the hands. 
Every boy who balls a. mass of snow in his hands 
illustrates one side of glacial phenomena. Loose 
snow, light and porous, and pure white from the 
amount of air contained in it, is in this way pres- 
ently converted into hard, compact, almost trans- 
parent ico. Tliis change will take place sooner, 
if tho snow be damp at first, — but if dry, the 
action of the hand will presently produce moist- 
ure enough to complete the process. In this case, 
mere pressure produces the same effect which, in 
the cases we have beon considering above, 
brought about by alternate thawing and freezii 
— only, that in the latter the ice is distini 
granular, instead of being uniform throughout, 
as when formed under pressure. In the glaciers 
we have the two processes combined, 
investigators of glacial phenomena have coni 
ered too exclusively one or tho other : some 
them attributing glacial motion wholly to th! 
dilatation produced by the freezing of infiltrated 
moisture in the mass of snow ; others accounting 
for it entirely by weight and pressure. There 
yet a third class, who, disregarding the real pi 
erties of ice, would have us believe, that, becai 
tar, for instance, is viscid when it moves, th< 
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fore ice is viscid because it moves. We shall 
see hereafter that the phenomena exhibited 
in the ouward movement of glaciers are far 
more diversified than haa generally been sup- 
posed, 
I r There is no chain of mountains in which the 
KjJiapg of the valleys is more favorable to the for- 
^"Ipiation of glaciers than the Alps. Contracted 
at their lower extremity, these valleys vriden 
upward, spreading into deep, broad, trough-like 
depressions. Take, for instance, the valley of 
Hassli, which is not moro than half a mile wide 
where you enter it above Meyringen ; it opens 
gradually upward, till, above the Grimsel, at the 
foot of the Fmster-Aarhoni, it measures several 
mQes across. These huge mountain-troughs form 
^dmirable cradles for the snow, which collects 

Iiti immense quantities within tliem, and, as it 
|aoyes slowly down from the upper ranges, is 
toinsformed into ice on its way, and compactly 
|9X)wded into the narrower space below. At the 
IfYwer extremity of the glaciei' the ice is pure, 
' blue, and transparent, but, as we ascend, it ap- 
pears less compact, more porous and granular, 
assuming gradually the charaeter of snow, till in 
the higher regions the snow is as light, as shift- 
ing, and incoherent, as the sand of the desert. 
A snow-storm on a mountain-summit is very dif- 
ferent from a snow-storm on the plaui, on ac- 
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count of the different degrees of moisture in the 
atmosphere. At great heights, there is never 
dampness enough to allow the fine snow-crystals 
to coalesce and form what are called " suow- 
flakes." I have even stood on the summit of 
the Jungfrau when a frozen cloud filled the air 
with ice-needles, while I could see the same cloud 
pouring down sheets of rain upon Lauterbninnen 
below. I remember this spectacle as one of the 
most impressive I have witnessed in my long 
experience of Alpine scenery. The air immedi- 
atoly about me seemed filled with rainbow-dust, 
for the ice-needles glittered with a thousand iues 
under the decomposition of light upon them, 
while the dark storm in the valley beloif oflfered 
a strange contrast to the brilliancy of the upper 
region in which I stood. One wonders where 
even so much vapor as may be transformed into 
the finest snow should come from at such heights. 
But the warm winds, creeping up the sides 
the valleys, the walls of which become h 
during the middle of the day, come laden 
moisture which ia changed to a dry snow 
dust as soon as it comes into contact with 
intense cold above, 

Currents of warm air affect the extent of thfi 
glaciers, and influence also the line of perpetual 
snow, whicli is by no means at the same level, 
even in neighboring localities. The size of gl 
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tXFs, of course, detormmes to a great degree the 
height at which they terminate, simply because a 
small mass of ice will melt more rapidly, and at 
a lower temperature, than a larger one. Thus, 
the small glaciers, such as those of the Rothhom 
or of Trill, above the Grimsel, terminate at a 
coBsiderahle height above the plain, while the 
Mor de Glace, fed from the great snow-caldrons 
of Mont Blanc, forces its way down to the bottom 
of the valley of Chamouni, and the glacier of 
Grindelwald, constantly renewed from the deep 
reservoirs where the Jimgfrau hoards her vast 
BBpplies of snow, descends to about four thou- 
sand feet above the searlevel. But the glacier 
of the Aar, though also very large, comes to a 
pause at about six thousand feet above the level 
of the sea; for the south wind from the other 
side of the Alps, the warm sirocco of Italy, blows 
across it, and it consequently melts at a higher 
level than cither the Mer de Glace or the Grin- 
delwald. It is a curious fact, that in the valley 
of Hassli the temperature frequently rises instead 
of falling as you ascend ; at the Grimsel, the 
temperature is at times higher than at Meyringen 
below, where the warmer winds are not felt so 
directly. The glacier of Alotsch, on the south- 
em slope of the Jungfrau, and into which many 
other glaciers enter, terminates also at a con- 
Btderable height, because it turns into the valley 
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of the Rhone, through which the southern winds 
blow coiistajitly. 

Under ordinary conditions, vegetation fades m 
these moimtains at the height of six thousand 
feet, but, in consequence of prevaihng winds, and 
the sheltering influence of tlie mountain-walls, 
there ia no uniformity in tlie limit of perpetual 
Bnow and ice. Where currents of warm air are 
very constant, glaciers do not occur at all, even 
where other circumstances are favorable to their 
formation. There are valleys in the Aipa far 
above six tliousand feet which have no glaciers, 
and where perpetual snow is seen only on their 
northern sides. These contrasts in temperature 
lead to the most wonderful contrasts in the aspect 
of the soil ; summer and winter lie side by side, 
and bright flowers look ont from the edge of 
snows tliat never melt. Where tlie warm winds 
prevail, there may be sheltered spots at a height of 
ten or eleven thousand feet, isolated nooks open- 
ing southward where the most exquisite flowers 
bloom in the midst of perpetual snow and ice ; 
and occasionally I have seen a bright little flower 
with a cap of snow over it that seemed to be its 
shelter. Tlio flowers give, indeed, a peculiar 
charm to these high Alpine regions. Occurring 
often in beds of the same kind, forming green, 
bine or yellow patches, they seem nfttled close . 
together in sheltered spots, or even in fissum * 
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and chasms of the rook, vhere they gather in 
dense quantities. Even in the sternest scenery 
of the Alps some sign of vegetation lingers ; and 
I remember to have found a tuft of lichen grow- 
ing on the only rock which pierced through the 
ice on the summit of the Jungfrau. It was a 
species then unknown to botanists, since described 
under the name of Umbelicarus Higinis. The ab- 
solute solitude, the intense stillness of the upper 
Alps is most impressive ; no cattle, no pasturage, 
no bird, nor any sound of life, — and, indeed, 
even if there were, the rarity of the air in these 
high regions is sucli that sound is hardly trans- 
missible. The deep repose, the purity of aspect 
of every object, the snow, broken only by ridgds of 
angular rocks, produce an effect no loss beauti^ 
than solemn. Sometimes, in the midst of the 
■wide expanse, one comes upon a patch of the 
Bo-called red snow of the Alps. At a distance, 
one would say that such a spot marked some 
li^rrible scene of blood, but, as you come nearer, 
LAhe hues are so tender and delicate, as they &de 
leep red to rose, and so die into the pure 
felorlesB snow around, that the first impression 
lompletely dispelled. This red snow is an 
organic growth, a plant springing up in such 
abundance that it colors extensive surfaces, just 
as the microscopic plants dye our pools with 
green in the spring. It is an Alga (_Protocoite» 
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ttivaHs) well known in the Arotics, where it foi 
wide fields in the Bummer. 

With the above facts before us conoeming tb9 
materials of which glaciers are composed, we w&j 
now proceed to consider their structure more 
fully in connection with their movements and the 
effects they produce on the surface over which 
they extend. It has already been stated that the 
ice of ttie glaciers has not the same appearance 
everywhere, but differs according to the level at 
which it stands. In consequence of this we 
distinguish three very distinct regions in these 
frozen fields, the uppermost of which, upon the 
sides of the steepest and highest slopes of the 
mountain-ridges, conBists chiefly of layers of snow 
piled one above another by the successive snow- 
falls of the colder seasons, and which would re- 
main in uniform superposition but for tlie change 
to which they are subjected in consequence of a 
gradual downward movement, causing' the mass 
to descend by slow degrees, while new accumula- 
tions in the higher regions annually replace the 
snow which has been thus removed to an inferior 
level. We shall consider hereafter the process by 
which this change of position is brought about. 
For the present it is suffipient to state that such 
a transfer, by which a, balance is preserved in 
the distribution of the snow, takes place in all 
glaciers, so that, iaistead of i:icreasing indefinitelj 
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in the upper regions, where on account of the 
extreme cold there is little melting, they perma- 
nently preserve about the same thickness, being 
yearly reduced by thoir downward motion in a 
proportion equal to their annual increase by fresh 
additions of snow. Indeed, these reservoirs of 
snow maintain themselves at the same level, much 
as a stream, into which many rivulets empty, 
remains withiji its usual limits in consequence of 
the drainage of the average supply. Of course, 
very heavy rains or sudden thaws at certain 
seasons or in particular years may cause an oc- 
casional overflow of such a stream ; and irregu- 
larities of the same kind are observed during 
certain years or at different periods of the same 
year in the accumulations of snow, in conse- 
quence of which the successive strata may vary 
in thickness. But in ordinary times layers from 
six to eight feet deep are regularly added annu- 
lilly to the accumulation of snow in the higher 
)gions, — not taking into account, of course, the 
lieavy drifts heaped up in particular localities, 
tot estimating the uniform average increase over 
e fields. This snow is gradually transformed 
I more or less compact ice, passing through 
I intermediate condition analogous to the slosh 
t our roads, and in that condition chiefly occu- 
. the upper part of the extensive troughs 
^to which these masses descend from the loftier 
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heights. Thig region is called the region o 
nivi. It is properly the birthplace of the | 
ciers, for it is here that the transformatio 
the Bnow iuto ice begins. The n^vS ice, though 
varying in the degree of its compactness and 
solidity, is always very porous and whitish in 
color, resembling somewhat frozen slosh, while 
lower down in the region of the glacier proper 
the ice is close, solid, transparent, and of a bluish 
tint. 

But besides the difference in solidity and in ex- 
ternal appearance, there are also many other im- 
portant changes taking place in the ice of these 
different regions, to which we shall return pres- 
ently. Such modifications arise chiefly from the 
pressure to which it is subjected in its downward 
progress, and to the alterations, in consequence of 
this displacement, in the relative position of the 
snow- and ice-beds, as well as to the influence ex- 
erted by the form of the valleys themselves, not 
only upon the external aspect of the glaciers, but 
upon their uiternal structure also. The surface 
of a glacier varies greatly in character in these 
different re^ons. The uniform even surfaces of 
the upper snow-fields gradually pass into a more 
undulating outline, the pure white fields become 
sti'cwn with dust and sand in the lower levels, 
while broken bits of stone and larger fragments 
of rock collect upon them, which assume a rega- 
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lar arrangement, and produce a variotj of fea- 
tures most startliug aud iiicompreheiisible at first 
eight, but more easily understood when studied 
ill connection with tlie whole series of glacial 
phenomena. They are tlien seen to be the con- 
sequeuce of the general movement of the glacier, 
and of certain effects which the course of the 
seaeons, the action of the suu, the rain, the re- 
flected heat from the sides of the valley, or the 
disintegration of its rocky walls, may produce 
upon the surface of the ice. In the next article 
we shall consider in detail all these phenomena, 
and trace thenj in their natural connection. Once 
iamiliar with these facts, it will not be difficult 
correctly to appreciate the movement of the gla- 
cier and the cause of its inequalities. We shall 
ifee, that, in consequence of the greater or less 
U^apidity in the movement of certain portions of 
ass, its centre progressing faster than its 
jjodes, and the upper, middle, and lower regions 
' the same glacier advancing at different rates, 
Ptbe strata which in the higher ranges of the 
snow-fields were evenly spread over wide ex- 
panses, become bent and folded to such a degree 
that the primitive stratification is nearly obliter- 
.,ftted, while the internal mass of the ice has also 
L assmucd new features under these new circum- 
Lstauces. There is, indeed, as much difference 
fciwtween the newly formed beds of snow in the 
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apper region and the condition of the ice at the 
lower end of a glacier as between a recent deposit 
of coral sand or a mud-bed in an estuary and the 
metamorpliic limestone or clay slate twisted and 
broken as they are seen in the very chains of 
mountains from which the glaciers descend. A 
geologist, familiar with all the changes to which 
a bed of rock may be subjected from the time 
it was deposited in horizontal layers up to the 
time when it was raised by Plutonic agencies 
along the sides of a mountain-ridge, bent and dis- 
torted in a thousand directions, broken through 
the thickness of its mass, and traversed by innu- 
merable fissures which are themselves filled with 
new materials, will best be able to understand 
how the stratification of snow may be modified 
by pressure and displacement so as finally to 
appear like a laminated mass full of cracks and 
crevices, in which the original stratification is 
recognized only by the practical student. I trust 
in my next article I shall be able to explain 
intelligibly to my readers even these extreme 
alterations in the condition of the primitive snow 
of the Alpine summits. 



NAL STRUCTURE AND PROGRES- 
SION OF GLACIERS. 



It is not my intention, in these articles, to 

I discTias a general theory of tho glaciers upon 

physical and mechanical principles. My special 

Etudies, always limited to Natural History, have 

but indifferently fitted me for such a task, and 

quite recently the suhject has been admirably 

treated from this point of view by Dr. Tyndall, 

in his charming volume entitled " Glaciers of 

the Alps." I have worked upon tho glaciers 

as an amateur, devoting my smnmer vacations, 

with frieuds desirous of sharing my leisure, to 

excoreions in the Alps, for tho sake of relaxation 

from the closer application of my professional 

studies, and have considered them especially in 

I their connection with geological phenomena, with 

I a view of obtaining, by means of a thorough 

y acquwntance witli glaciers as they exist now, 

le insight into the glacial phenomena of past 

les, the distribution of drift, the transportation 

f of boulders, etc. It was, however, im 
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treat one series of facta without some reference 
to the other ; but such esplaiiatioiis as I ha^4 
given of the mcchanUm of the glacier, in con- 
nection with its structure, are presented in the 
language of the unprofessional observer, without 
any attempt at the technicalities of the physicis^J 
I do not wonder, therefore, that those who ha^ 
looked upon the glacier chiefly with referentw'J 
to the physical and mechanical principles in- 
volved in its stnicture and movement should 
have found my Natural Philosophy defective. I 
am satisfied with their agreement as to my cor- 
rect observation of the facts, and am the less 
inclined to quarrel with the duubts thrown on. 
my theory since I see that the most eminenlJ 
physicists of the day do not differ from mo morfl 
sharply than they do from each other. The fac 
will eventually test all our theories, and thq 
form, after all, the only impartial jury to whi^ 
we can appeal. In the mean while, I am' not' 
sorry that just at this moment, when recent in- 
vestigations and publications have aroused new 
interest in the glaciers, the course of these art> l 
cles brings me naturally to a discussion of thjrf" 
subject in its bearing upon geological questionfcj 
I shall, however, address myself especially, 
I have done thi'oughout these papers, to : 
unprofessional readers, who, while they i 
the glaciers, may also wish to form a genera 
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i of tlieir structure and mode of action, ae 
rell as to know something of the important part 
iey have played in the later geological history 
f our earth. It would, indeed, be out of place, 
r%ere I to undertake here a discussion of the dif- 
ferent views entertained by the various students 
vho have investigated the glacier itself, among 
whom Dr. Tyndall is especially distinguished, or 
those of the more theoretical writers, among 
whom Mr, Hopkins occupies a prominent position. 
Hemoved, as I am, from all possibility of re- 
newing my own observations, begun in 1836 and 
ended in 1845, I will take this opportunity to 
P'-aall the attention of those particularly interested 
■BB the matter to one essential point with reference 
Hto which all other observers differ from me. I 
mean the stratification of the glacier, which I do 
not believe to bo rightly imderstood, even at thia 
moment. It may seem presumptuous to dissent 
absolutely from the Etatements of one who has 
seen so much and so well as Dr. Tyndall, on a 
question for the solution of which, from the 
physicist's point of view, his special studies have 
been a far better preparation than mine ; and 
yet I feel confident that I was correct in describ- 
ing the stratification of the glacier as a fundar 
mental feature of its structure, and the so-called 
dirt^ands as the margins of the snow-strata 
BicceBsively deposited, and in no way originating 
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in the ice-cascades. I shall endearor to makd 
this plain to my readers in the coarse of the 
present article. I believe, also, that renewed 
obser>'ations will satisfy dissenting observers that 
there really exists a net-work of capillary fissures 
extending throughout the whole glacier, con- 
stantly closing and reopening, and constituting 
the channels by means of which water filtrates 
into its mass. This infiltration, also, has been 
denied, in consequence of the failure of some 
experiments in which an attempt was made to 
introduce colored fluids into the glacier. To this 
I can only answer, that I succeeded completely^ 
myself, in the self-same experiments which a later 
investigator found impracticable, and that I see 
no reason why the failure of the latter attempt 
should cast a doubt upon the former. The ex- 
planation of the difference in the result may, 
perhaps, be found in the fact, that, as a sponge 
gorged with water can admit no more fluid 
than it already contains, so the glacier, under 
certain circumstances, and especially at noonday 
in summer, may be so soaked with water that 
all attempts to pour colored fluids into it would 
necessarily fail. I have stated, in my work upon 
glaciers, that my infiltration experiments were 
chiefly made at night; and I chose that time, 
because I knew the glacier would most readily 
admit an additional supply of liquid from without 
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I the water formed during the day at its 
rface and rushing over it in myriad rills had 

[ to flow. 

While we admit a number of causes as af- 
fecting the motion of a glacier, — namely, the 
natural tendency of heavy bodies to slide down 
a sloping surface, the pressure to which the mass 
is subjected forcing it onward, the infiltration of 
moisture, its freezing and consequent expansion, 
— we must also remember that these various 
causes, by which the accumulatJ3d masses of snow 
I ice are brought down from higher to lower 
Is, are not all acting at all times with the 
Hie intensity, nor is their action always the 
me at every point of the moving mass. While 
I built of snow and ico moves from higher to 
levels, the whole mass of the snow, in 
insequence of its own downward tendency, is also 
tnder a strong vertical pressure, arising from ita 
L incumbent weight, and that pressure is, of 
rse, greater at its bottom than at its centre 
r surface. It is therefore plain, that, inasmuch 
& the snow can be compressed by its own weight, 
i will be more compact at the bottom of such 
1 accumulation than at its surface, this cause 
"■ acting most powerfully at the upper part of a 
glacier, where the snow has not yet been trans- 
ibrmed into a more solid icy mass. To these 
I agencies, the downward tendency and the 
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vertical pressure, must be added the preasura 
from behind, which is most effective where tbt 
mass is largest and the amount of motion in t 
given time greatest. In the glacier, I 
is, of course, largest in the centre, where ths 
trough which holds it is deepest, and least c 
the margins, where the trough slopes upwar^ 
and becomes more shallow. Consequently, tht 
middle of a glacier always advances more rapidly 
than the sides. 

Were the slope of the ground over which i 
passes, combined with the pressure to which tbg 
mass is subjected, the whole secret of the onward 
progress of a glacier, it is evident that the rat© 
of advance would he gradually accelerated, reach* 
ing its maximum at its lower extremity, and 
losing its impetus hy degrees on the higher levela, 
nearer the point where the descent begins. This, 
however, is not the case. The glacier of the 
Aar, for instance, is about ten mites in langthj 
its rate of annual motion is greatest near the 
point of junction of the two great brandies by 
which it is formed, diminishing farther dowui 
and reaching a minimum at its lower extremity^ 
But in the upper regions, near their origin, th9 
progress of these branches is again gradualljl 
less. 

Let us see whether the next cause of displac 
ment, the infiltration of moisture, may not i 
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le measure esplaia this retardation, at least 

lower part of the glacier. This agency, 

:e that of the compression of the snow by its 

own weight and the pressure from behind, is 

most effective where the accumulation is largest. 

the centre, where the body of the mass is 

latest, it will imbibe the most moisture. But 

ire a modifying influence comes in, not suffi- 

itly considered by the investigators of glacial 

iicture. We have already seen that snow and 

;Jce, at different degrees of compactness, are not 

equally permeable to moisture. Above the line 

at which the annual winter snow melts, there 

is, of course, little moisture ; but below that 

point, as Boon as the temperature rises in summer 

eufficiently to melt the surface, the water easily 

(penetrates the mass, passing through it more 

ladily where the snow is lightest and least com- 

;t, — in short, where it has not begun its 

transformation into ice. A summer's day sends 

countless rills of water trickling tlirough such a 

mass of snow. If the snow be loose and porous 

tiirougliout, the water will pass through its whole 

thickness, accumulating at the bottom, so that 

the lower portion of the mass will be damper, 

iBiore completely soaked with water, than the 

>er part ; if, on tlie contrary, in consequence 

the process previously described, alternate 

melting and freezing combined with pressure, 
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the mass has assumed the character of icy snow, 
it does not admit moisture so readUj, and still 
farther down, where the snow is actually trans- 
formed into pure compact ice, the amount of 
surface-water admitted into its structure will, 
of course, be greatly diminished. Thoro maW 
however, be conditions under which even I 
looser snow is comparatively impervious to watei^ 
as, for instance, when rain falls upon a snow-field 
which has been long under a, low temperature, 
and an ice-cmst is formed upon its surface, pr&- 
venting the water from penetrating below. Adna 
mitting, as I believe we must, that the watwg 
thus introduced into the snow and ice ia one 
of the most powerful agents to which its motion 
is due, we must supjMise that it has a twofold 
influence, since its action when fluid and whOH 
frozen would be different. When fluid, it v 
contribute to the advance of the mass in propc 
tion to its quantity ; but when frozen, its expaiir^ 
sion would produce a displacement corresponding 
to the greater volume of ice as compared with 
water ; add to this that while trickling through 
the mass it will loosen and displace the particles 
of already consolidated ice. I have already said 
that I did not intend to trespass on the ground 
of the physicist, and I will not enter here upon 
any discussion as to the probable action of the 
laws of hydrostatic pressure and dilatation i 
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this connection. I will only state, that, so far 
aa my own obserration goes, the movement of 
the glacier ia most rapid where the greatest 
amount of moisture is introduced into the mass, 
and that I believe there must be a direct relation 
between these two facts. If I am right in this, 
then the motion, so fiir as it is connected with 
infiltrated moisture or with the dilatation caused 
by the freezing of that moisture, will, of course, 
be most rajiid where the glacier is most easily 
oenetrated by water, namely, in the region of 
n^vS and iu the upper portion of the glacier- 
lughs, where the n^v£ begins to be transformed 
tto more or less porous ice. This cause also 
lUEts, in part at least, for anotlicr singular 
it in the motion of the glacier : that, in its 
liigher levels, where its character is more porous 
and the water entering at the surface sinks read- 
ily to the bottom, there the bottom seems to 
^Unove more rapidly than the superficial parts of 
^bte mass, whereas, at the lower end of the glacier, 
Rla the region of the compact ice, where the in- 
filtration of the water at the bottom is at its min- 
imum, while the disintegratuig influences at the 
surface admit of infiltratiou to a certain limited 
ipth, there the motion is greater near the sur- 
toward tlie bottom. But, under all 
itances, it is plain that the various causes 
iducing motion, gravitation, pressure, infiltrar 
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tion of water, frost, will combine to propel the 
mass at a greater rate along its asis than near 
its margins. For details concerning the facts 
the case, I would refer to my work entitled " S) 
t^nxe Qlflciaire." 



We will next consider the stratification of 
glacier. I have stated, in my introductory 
marks, that I consider this to be one of its pri- 
mary and fundamental features, and I confess, 
that, after a careful examination of the resxilts 
obtained by my sxiccessors in the field of glacial 
phenomena, I still believe that the original strat- 
ification of the mass of snow from which the gla- 
cier arises gives us the key to many facts of ite 
internal structure. The ultimate features results 
ing from this connection are so exceedingly in- 
tricate and entangled that their relation is not 
easily explained. Nevertheless, I trust my read- 
ers will follow me in this Alpine excursion, where 
I shall try to smooth the asperities of the road for 
them as much as possible. 

Imparted to it, at the very beginning of its 
formation, by the manner in which snow accu- 
mulates, and retained through all its transfor- 
mations, the stratification of a glacier, however 
distorted, and at times almost obliterated, re- 
mains, notwithstanding, as distinct to one who 
is acquainted with all its phases, as is the si 
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|ed character of metamorpliic rocka to the akil- 
1 geolt^st, even though they may bo readily 
mistaken for plutonic masses by the common ob- 
server. Indeed, even those secondary features, 
a,s the dirt-bands, for instance, which we shall 
see to be intimately connected with snow-strata, 
and which eventually become so prominent as to 
be mistaken for the cause of the lines of stratifi- 
cation, do nevertheless tend, when properly un- 
derstood, to make the evidence of stratification 
more permanent, and to point out its primitive 
lines. 

On the plains, in our latitude, we rarely have 
the accumulated layers of several successive snow- 
stonnB preserved one above another. We can, 
therefore, hardly imagine with what distinctness 
the sequence of such beds is marked in the upper 
Alpine regions. The first cause of this distinc- 
tion between the layers is the quafity of the snow 
when it falls, then the immediate changes it 
undergoes after its deposit, then the falling of 
mist or ram upon it, and lastly and most efficient 
of all, the accumulation of dust upon its surface. 
One who has not felt the violence of a storm in 
the high mountains, and seen the clouds of dust 
and sand carried along with the gusts of wind 
passing over a mouutain-ridge and sweeping 
through the valley beyond, can hardly conceive 
Ltbat not only the superficial aspect of a glacier, 
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but its internal etructure also, can be materii 
affected by such a cause. Not only are dust ; 
sand thus transported in large quantities to the 
higher mountain r^ions, but leaves are frequent- 
ly found strewn upon the upper glacier, and even 
pine-cones, and maple^eeds flying upward on tht 
spread wings, are scattered thousands of feet ai 
and many miles beyoud the forests where 
grow. 

This accumulation of sand and dust goes 
all the year round, but the amount accumulal 
over one and the same surface is greatest during 
the summer, when the largest expanse of rocky 
wall is bare of snow, and its loose soil di'ied by 
the heat so as to be easily dislodged. This sum- 
mer deposit of loose inorganic materials, light 
enough to be transported by the wind, forms the 
main hue of division between the snow of one 
year and the next, though only that of the last, 
year is visible for its whole extent. Those ofe 
the preceding years, as we shall see hereal 
exhibit only tlieir edges cropping out loi 
down one beyond another, being brought 
oessively to lower levels by the onward mo1a( 
of the glacier. 

Other observers of the glacier, Professor Forbes 
and Dr. Tyndall, have noticed only the edges of 
these seams, and called them dirt-bands. Look- 
ing upon them as merely superficial phenomei 
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I ^ey have given explanations of tlieir appearance 
W -vliich I hold to be quite untenable. Indeed, to 
consider these succeseive lines of dirt on tlie gla- 
cier as limited only to ita surface, and to explain 
them from that point of view, is much as if a 
geologist were to consider the lines presented by 
the strata on a cut through a sedimentary mass 
of rock as representing their whole extent, and 
to explain them as a superhcial deposit due to 
eternal causes. 

A few more details may help to moke this etate- 
IQent clearer to my readers. Let us imagine that 
I fresh layer of snow has fallen in these moim- 
B^^ln regions, and that a deposit of dirt has been 
attered over its surface, which, if any moisture 
rises from the meltmg of the snow or from the 
falling of rain or mist, will become more closely 
compacted with it. The nest snow-storm depos- 
its a fresh bed of snow, separated from the one 
below it by the sheet of dust just described, and 
this bed may, in its turn, receive a like deposit. 
For greater ease and simplicity of explanation, I 
speak here as if each successive snow-layer were 
thus indicated ; of course this is not literally tnie, 
because snow-storms in the winter may Ibllow 
each other so fast that there is no time for such 
a collection of foreign materials upon each newly 
formed surface. But whenever sucli a fresh snow- 
I bed, or accumulation of beds, remains with its 
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surface exposed for some time, such a deposit of 
dirt will inevitably be found upon it. This pro- 
cess may go on till we have a number of succes- 
sive snow-layers divided from each other by thin 
sheets of dust. Of course, such seams, ma-rlring 
the stratification of snow, are as permanent and 
indelible as the seams of coarser materials al- 
ternating with the finest mud in a sedimentary 
rock. 

The gradual progress of a glacier, which, 
though more rapid in sunmier than in winter, is 
never intermitted, changes the relation of these 
beds to each other. Their lower edge is annu- 
ally cut off at a certain level, because the snow 
deposited every winter melts with the coming 
summer, up to a certain line, determined by the 
local climate of the place. But although the 
snow does not melt above this line, we have seen, 
in the preceding article, that it is prevented from 
accumulating indefinitely in the higher regions 
by its own tendency to move down to the lower 
valleys, and crowding itself between their walls, 
thus to force its way toward the outlet below. 
Now, as this movement is very gradual, it is evi- 
dent that there must be a perceptible difference 
in the progress of the successive layers, the lower 
and older ones getting the advance of the upper 
and more recent ones: that is, when the snow 
that has covered the face of the coimtry during 
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Be winter melts away from the glacier up to the 
1 snow-line, there will be seen cropping 
"^t below and beyond that line the layers of the 
preceding years, which are already partially trans- 
formed into ice, and have become a part of the 
frozen mass of the glacier with which they are 
moving onward and downward. In the autumn, 
when the dust of a whole season has boon accu- 
^inulated upon the service of the preceding win- 
ter's snow, the extent of the layer which year 
ter year will henceforth crop out lower down, 
B a dirt-band, may best be appreciated. 
Beside the snow-layors and the sheets of dust 
^alternating with them, there is still another feat- 
Tire of the horizontal and parallel structure of the 
mass in immediate connection with those above 
XJnsidered. I allude to the layers of pure com- 
iact ice occurring at different intei-vals between 
|ie snow-layers. In July, when the snow of the 
ig winter melts up to the line of perpet- 
w, the masses above, which are to with- 
ind the summer heat and become part of the 
lacier forever, or at least until they melt away 
yilt the lower end, begin to undergo the changes 
1 which all snow passes before it acquires 
ftie character of glacial ice. It thaws at the sur- 
1, is rained upon, or condenses moisture, thus 
scoming gradually soaked, and after assuming 
5ie- granular character of nSv&ice, it ends in be- 
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ing traoEformed into pure compact ice. TowariT 
the eud of August, or early iu September, when I 
the nights are already very cold in the Alps, I 
prior to the &rst permaueat autuiuual siiow-fal 
tlie surface of these masses becomes frozen to 
greater or less depth, varying, of course, accoi 
ing to temperature. These layers of ice becco 
numerous and are parallel to each other, like i 
layers of ice formed from slosh. Such crusts i 
ice I have myself observed again and again up( 
the glacier. This stratified snowy ice is now tl 
bottom on which the first autumnal snow-falls a 
cumulate. These sheets of ice may be formt 
not only annually before the winter snows set ii 
but may recur at intervals whenever water a 
mulating upon an extensive snow-surlace, i 
in consequence of melting or of rain, is Itoze 
under a sharp frost before another deposit i 
snow takes place. Or suppose a fresh layer e 
light porous snow to have accumulated above on 
the surface of which has already been slight] 
glazed with frost ; rain or dew, falling upon t 
upper one, will easily penetrate it ; but when 
reaches the lower one, it will be stopped by ti 
film of ice already formed, and, under a suj 
ciently low temperature, it wJU be frozen betwea 
the two. This result may be frequently noUoB 
iu winter, on the plains, where sudden changq 
of temperature take place. 
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m There is still a third cause, to which the same 
BBuIt may possibly bo duo, and to which I shall 
fcfer at greater length hereafter ; but as it has 
kt, like the preceding ones, been the subject of 
few^t observation, it must bo considered as hy- 
p>thetical. The admirable experiments of Dr. 
i^ndall have shown that water may be gener- 
ated in ice by pressure, and it is tlierefore possi- 
ble tliat at a lower depth in the glacier, where 
the incumbent weight of the mass above is suffi- 
ient to produce water, the water thus accu- 
mulated may be frozen into ice-layers. But this 
depends so much upon the internal temperar 
■e of the glacier, about which wo know little 
jyond a comparatively siiporficial depth, that it 
cannot at present afford a sound basis even for 
conjecture. 

There are, then, in the upper snow-fields throe 
kinds of horizontal deposits : the beds of snow, 
the sheets of dust, and the layers of ice, altemair 
mg with each other. If, now, there were no mod- 
ifying circumstances to change the outline and 
mrlace of the glacier, — if it moved on uniuter- 
ptedly through au open valley, the lower lay- 
8, forming the mass, getting by degrees the ad- 
vance of the upper ones, our problem would be 
simple enough. We shoiild then have a longi- 
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L tudinal mass of snow, enclosed between rocky ^^ 
I walls, its surface crossed by straight transverse H 




DJTEBNAL STRDCTHRE AND 

atiniial additions to the glacift 
adjoining figure. 



But that B 



a of SI 



it reaches the outlet of the t 
I ley, is to be conn)ress 
I tortcd, folded, rent in a tho( 
I sand directions. The beda c 
I SHOW, which in the upper r 
I OS of the mountain were s] 
I out over broad, open surface 
I are to be crowded into C 
atively circumBcribed vallejs,to 
e and press themselves through nai-row passes, 
alternately melting and freezing, till they pass from 
tbo condition of snow into that of ice, to undergo, 
iu short, constant transformations, by which the 
primitive stratifications will be extensively modi- 
fied. In the first place, the more rapid motion of 
the centre of the glacier, as compared with the 
margins, will draw the lines of stratification down- 
ward toward the middle faster than at the sides. 
Accurate measnrements liave shown tliat the axis 
of a glacier may move ten- or twenty-fold more 
rapidly than its margins. This is not the place 
to introduce a detailed account of the experiments 
made to ascertain this result ; but I would refarj 
those who are interested in the matter to 1 
measurements given in my " Syst^me Glaciaire,'! 
where it will be seen that the middle may n 
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at a rate of two hundred feet a year, while the 
margins may not advance more than fifteen or 
ten feet, or even less, in the same time. These 
observations of mine have the advantage over 
those of other observers, tliat, wtiilo they embrace 
the 1711010 extent of the glacier, transversely as 
well as in its length, they cover a period of sev- 
eral successive years, instead of being limited to 
summer campaigns and a few winter observations. 
The consequence of this mode of progressing will 
be that the straight lines drawn transversely across 
the etirface of the glacier 
above will be gradually 
changed to curved ones 
below. After a few years, 
such a line will appear on 
the surface of the glacier 
like a crescent, with the 
bow turned downward, 
vrithm which, above, are 
other crescents, less and 
less sharply arched up to 
le last year's line, which 
ly be again straight 
the snow-iield. (See 
the subjoined iigure, which 
represents a part of the 
glacier of the Lauter-Aar.) 

Thus the glacier records upon its surface its 
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annual growth and progress, and registers alHl 
the iiiequalitj in the rate of advance between 
the axis and the sides. 

But these are only surface phenomena. Let 
us see what will be the efiect upon the internal 
etructnre. We must not forget, in considering the 
changes takiug place within glaciers, the shape of 
the valleys which contain them. A glacier lies in 
a deep trough, and the tendency of the mass will 
be to sink towards its deeper part, and to fold in- 
ward and downward, if subjected to a strong lat- 
eral pressure, — that is, to dip toward the centre 
and slope upward along the sides, following the 
scoop of the trough. If, now, we examine the face 
of a transverse cut in the glacier, wa find it trav- 
ersed by a number of lines, vertical in some places, 
more or less oblique in others, and frequently 
these lines are joined together at the lower ends, 
forming loops, some of which are close and ver- 
tical, while others are quite open. These Unes 
are due to the folding of the strata in consequence 
of the lateral pressure they are subjected to when 
crowded uito the lower course of the valleys, and 
the difference in tlieir dip is due to the greater or 
less force of that pressure. The wood-cut on the 
next page represents a transverse cut across the 
Lauter-Aar and the Finster-Aar, the two princi- 
pal tributaries to the great Aar glacier, and in- 
cludes also a number of small lateral glaciers 
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vfaich join them. The beds on the left, which 
dip least, and are only folded gently downward, 
forming very open loops, are those of the Lauter- 
Aar, where the lateral pressure is comparatively 
slight. Those which are almost vertical belong 
ia part to the several small trib- I 
ntary glaciers, which have been [ 
crowded together and very strong- 
ly compressed, and partly to the I 
Finster-Aar, The close uniform I 
vertical lines in this wood-cut I 
represent a different feature in I 
the structure of the glacier, called I 
blue bands, to which 1 shall re- 
)reBentIy. These loopK or I 

dipping into the internal [ 
of the glacier have been the I 
aject of much discussion, and I 
.cms theories have been re- I 
ccntly proposed respecting them. I 
I believe them to be caused, as | 
I have said, by the snow-layers, 
iginally deposited horizontally, 
it afterwards folded into a more | 
vertical position, in C' 
sequence of the lateral pressure I 
bpoHght to bear upon them. The I 
sheets of dust and of ice alter 
lating with the snow-strata ar' 




ISTEHNAL STBUOTDBE AND 



of course subjected to the eame action, and 
contorted, bent, and folded by the same lal 






Dr. Tyndall has advanced the view that the 
lines of apparent stratification, and especially the 
dirt-bands across the surface of the glacier, are 
due to ice-cascades ; that is, the glacier, passing 
over a sharp angle, is cracked across transversely 
in consequence of the tension, and these rents, 
where the back of the glacier has been succes- 
eively broken, when recompacted, cause the trans- 
verse lines, the dirt being collected in the furrow 
formed between the successive ridges. Unfor- 
tunately for his theory, the lines of stratification 
constantly occur in glaciers whore no such icc- 
falls are found. His principal observations upon 
this subject were made on the Glacier du G^ant, 
where the ice-cascade is very remarkable. The 
lines may perhaps be rendered more distinct on 
the Glacier dit G(;ant by tlie cascade, and neces- 
sarily must be so, if the rents coincide with the 
limit at wliich the annual snow-line is nearly 
straight across tlie glacier. In the region of the 
Aar glacier, however, where ray own investiga- 
tions were made, all the tributaries entering into 
the larger glaciers are ribbed across in this way, 
and most of them join the main trunk ovi 
form slopes, without the slightest cascade. 

It must be remembered that these surfaoe-pt 
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lona of the glacier are not to I 
s, nor under all conditions. During the first 
■ of my sojourn on the glacier of the Aar, I 
not aware that the stratification of its tribu- 
ies was BO universal as I afterward found it to 
; the primitive lines of the strata are often so 
erased that they are not perceptible, except 
ider the most favorable circumstances. But 
when the glacier has been washed clean by rain, 
and the light strikes upon it in the right direc- 
tion, these lines become perfectly distinct, where, 
under different conditions, they could not be dis- 
cerned at all. After passing many summers on 
Uie same glacier, renewing my observations year 
ir year over the same locaUties, I can confi- 
intly state that not only do tlio lines of stratifi- 
Xiation exist throughout tlie great glacier of the 
Aar, but ui all its tributaries also. Of course, ' 
they are greatly modified in the lower part of the 
glacier by the intimate fusion of its tributaries, 
and by the circumstance that their movement, 
primarily independent, is merged in the move- 
ment of the main glacier embracing them all. 
We have seen that not only does the centre of a 
glacier move more rapidly than its sides, but that 
the deeper mass of the glacier also moves at a 
different rate from its more superficial portion. 
My own observations (for the details of which 
would again refer the reader to my " Systfime 
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Glacioire " ) Bhow that in the higher part of tha 
glacier, especially in the region of the n^vS, tho 
bottom of the mass seems to move more rapidly 
than the surface, while lower down, toward the 

Itcrmimis of the glacier, the siirfaoe, 
on the contrary, moves faster than 
the bottom. The annexed wood-cut 
eshibits a longitudinal section of the 
glacier, in which this difference iu 
the motion of the upper and lower 
portions of the mass is represented, 
the beds being almost horizontal in 
the upper snow-fields, while their low- 
er portion slopes more rapidly dow; 
ward in the nSvS region, and tow 
the lower end tlie upper portion t 
tlie lead, and advances more rapii)] 
than the lower. 
I presented these results ftw { 
first time in two letters, dated Oct 
her fith, 1842, which were pubUst 
in a German periodical, the Jahrbucl 
of Leonliard and Bronn. The last 
three wood-cuts introduced above, the 
transverse and longitudinal sections 
of the glacier, as well as that repre- 
senting the concentric lines of strat- 
ification on the surface, are the iden- , 
tical ones contained in those communications 



PROGRESSION OF GLACIEHS. 



257 



Those papers seem to have been overlooked by con- 
temporary investigators, aud I may be permitted 
to translate bere a passage from one of them, since 
it sums up the results of the inequality of motion 
throughout the glacier and its influence on the 
mitive stratification of the mass iii as few words 
pd as correctly as I could give them to-day, 
jrenty years later : — " Combining these views, 
p appears that the glacier may be represented as 
Somposed of concentric shells which arise from 
Sie parallel strata of the upper region by the folr 
[owing process. The primitively regular strata 
fdrance into gradually narrower and deeper val- 
ieya, in consequence of which the margins are 
I, while the middle is bent not only down- 
Kvard, but, from its more rapid motion, forward 
I that they assume a trough-like form in 
flie interior of the mass. Lower down, the gla«- 
m^aer is worn by the surrounding air, and assumes 
peculiar form characteristic of its lower 
■i^urse." The last clause alludes to another se- 
■aies of facts, which we shall examine in a future 
article, when we shall see that the heat of the 
walls in the lower part of its course melts the 
sides of the glacier, so that, instead of following 
the trough-like shape of the valley, it becomes 
convex, arching upward in the centre and sink- 
ing at the margins. 

I have dwelt thus long, and perhaps my read- 



258 



ISTEBNAL STRUCTURE ASD 



ere may thint tediously, apon tliis part of my 
subject, because the stratification of the glacier 
has beeu constantly questioned by the more re- 
cent investigators of glacial phenomena, and has 
indeed been set aside as an exploded theorj". They 
consider the lines of stratification, the dirt-bands, 
and the seams of ice alternating with the more 
porous snow, as disconnected surface-phenomena, 
while I believe them all to be intimately ooi^ 
nected together as primary essential features tA I 
the original masE. 



There is another feature of glacial structarq_ 
intimately connected, by similarity of posiljoa an4.| 
aspect, with the stratification, wtiicli has greatttC 
perplexed the students of glacial phenom 
allude to the so-called blue bands, or bauds of "" 
infiltration, also designated as veined structure, 
ribboned or laminated structure, marginal stmo- 
ture, and longitudinal structure. The diflScuHj 
lies, I believe, in the fact that two very distind 
structures, that of the stratification and liie bliM 
bands, are frequently blended together in cert 
parts of the glacier in such a manner as to s 
identical, while elsewhere the one is promines 
and the other subordinate, aud vice versd. 
cording to their various opportunities of inve 
gation, observers have either confounded the t 
believing tliem to be the same, or some have over-^ 
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>oked the one and insisted upon the otbor a^ the 
reraJliag feature, while that very feature has 
been absolutely denied agaiu ,by others who have 
Been its fellow only, and taken that to be the 
prominent and important fact in this peculiar 
Structural character of the ico. 

We have already seen bow the stratification of 
the glacier arises, accompanied by layers of dust 
and other material foreign to the glacier, and 
bow blue bauds of compact ice may be formed 
parallel to the surface of these strata. We have 
L^lso seen how the horizontality of these strata 
k4^7 ^^ modified by pressure till they assume a 
fcpoBition within the mass of the glacier, varying 
rom a slightly oblique inclination to a vertical 
Now, while the position of the strata be- 
SOmes thus altered under pressure, other chan- 
B take place in the constitution of the ice itself. 
Before attempting to explain how these chan- 
ges take place, let us consider the facts them- 
selves. The mass of the glacier ice is traversed 
by thin bands of compact blue ice, these bands 
being very numerous along the margins of the 
glacier, where they constitute what Dr. Tyndall 
calls marginal structure, and still more crowded 
along the line upon which two glaciers unite, 
where he has called it longitudinal structure. In 
the latter case, where the extreme pressure re- 
Lsultrng from the junction of two glaciers lias ren- 
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dered Ae stnta nmty icrtied, diCBe Une bands 
fiiUoir their liend ao doself fliat it k alinost im- 
poonUe to distiiigiiidi ODe finom Ae oAer. It 
win be secDy on refismng to Ibe wood-cot on page 
253, where the doee, uniform, Tertical lines rqh 
leeent the troeTeined stroctore, Aat at sereral 
points of fliat section the lines c^ stratificati<m 
ron so nearly parallel with them, that, were the 
former not drawn more stron^j, thej coold not 
be easily dirtingnished from the latter. Alongthe 
margins, also, in consequence of the retarded mo- 
tion, the bine bands and the lines of stratification 
run nearly parallel with each other, both follow- 
ing the sides of the trou^ in which they moTe. 

Undoubtedly, in both these instances, we have 
two kinds of blue bands, namely : those formed 
primitively in a horizontal position, indicating 
seams of stratification, and those which have 
arisen subsequently in connection with the move- 
ment of the whole mass, which I have occasion- 
ally called bands of infiltration, as they appeared 
to me to be formed by the infiltration and freez- 
ing of water. The fact that these blue bands, are 
most numerous where two glaciers are crowded 
together into a common bed naturally suggests 
pressure as their cause. And since the beautiftil 

^ 

experiments of Dr. Tyndall have illustrated the 
internal liquefaction of ice by pressure, it be- 
comes highly probable that his theory of the ori- 
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^n of these aecondaty blue bands is tho true one. 
He suggests that layers of water may be formed 
in the glacier at right angles with the pressure, 
and pass into a state of solid ice upon the re- 
moval of that pressure, the pressure heing of 
»urse relieved in proportion to the dimiiiutioa 
1 the body of the ice by compression, Tlie num- 
Idler of blue bands diminishes as we recede from 
the source of the pressure, — few only being 
formed, usually at right angles with the surfaces 
. of stratification, in the middle of a glacier, half- 
ray between its sides. If they are caused by 
a:essure, this diminution of their number toward 
I ilhe middle of the glacier would be inevitable, 
Hteice the intensity of the pressure naturally fades 
8 we recede from the motive power. 

Dr. Tyndall also alludes to another structure 
f the same kind, which he calls transverse struc- 
^'ture, where the blue bands extend in crescent- 
shaped curves, more or less arched, across the 
surface of the glacier. Where these do not co- 
incide with the stratification, they are probably 
iifcrmed by vertical pressure in comiection with 
^■Ae unequal movement of the mass. 
■• With these facts before us, it seems to me plain 
that the primitive blue bands arise with the strat- 
ification of the snow in the very first formation 
of the gla.cier, while the secondary blue bands are 
^formed subsequently, in consequence of the on- 
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ward progress of the Racier and the pressure to 
which it is subjected. The seccmdary Une bands 
intersect the planes of stratification at every pos- 
sible angle, and may therefore seem identic^ 
with the stratification in some places, while in 
others they cut it at right angles. It has been 
objected to my theory of glacial structure, that 
I have considered the so-called blue bands as a 
superficial feature when compared with the strat- 
ification. And in a certain sense this is true; 
since, if my views are correct, the glacier exists 
and is in full life and activity before the second- 
ary blue bands arise in it, whereas the stratifir 
cation is a feature of its embryo condition, al- 
ready established in the accumulated snow before 
it begins its transformation into glacier-ice. In 
other words, the veined structure of the glacier 
is not a primary structural feature of its whole 
mass, but the result of various local influences 
acting upon the constitution of the ice ; the mai^ 
ginal structure resulting from the resistance of 
the sides of the valley to the onward movement 
of the glacier, the longitudinal structure arising 
from the pressure caused by two glaciers uniting 
in one common bed, the transverse structure be- 
ing produced by vertical pressure, in consequence 
of the weight of the mass itself and the increased 
rate of motion at the centre. 
In the nSvS fields, where the strata are still 
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horizontal, the few blue bands observed are per- 
pendicular to the strata of snow, and therefore 
also perpondicnlor to tlio blue seams of ice and 
the sheets of dust alternating with them. Upon 
the sides of the glacier they are more or less par- 
.allel to the slopes of the valley ; along the line 
!0f junction of two glaciers they follow the verti- 
cal trend of the axis of the mass ; wliile at inter- 
mediate positions they are more or less oblique, 
i^ong the outcropping edges of the strata, on the 
i^mrface of the glacier, they follow more or less 
the dip of the strata themselves ; that is to say, 
they are more or less parallel with the dirt^bands. 
In conclusion, I would recommend future inves- 
I'ti^tors to examine the glaciers, with roforence 
to the distribution of the blue bands, after heavy 
rains and during foggy days, when the surface Is 
■freed from the loose materials aod decomposed 
fragments of ice resulting from the prolonged ac- 
tion of the sun. 

The most important facts, then, to be consid- 
ered with reference to the motion of the glacier 
are as follows. First, that the rate of advanco 
between the axis and the margins of a glacier 
differs in the ratio of about ten to ono and even 
lesB ; that is to say, when the centre is advancing 
at a rate of two hundred and fifty feet a year, the 
motion toward the sides may be gradually dimin- 
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ished to two hundred, one himdred and fifty, 
himdred, fifty feet, and so on, till nearest 
margin it becomes almost inappreciable. 
ondly, the rate of motion is not the same through- 
out the length of the glacier, the advance being 
greatest about half-way down in the region of the 
nSv4, and diminishing in rapidity both above and 
below ; thus the onward motion in the liigher 
portion of a glacier may not exceed twenty to 
fifty feet a year, while it reaches its maximum 
of some two hundred and fifty feet annually hi 
the n^vS region, and is retarded agaiu toward the 
lower extremity, where it is reduced to about 
one fourth of its maximum rate. Thirdly, th( 
glacier moves at different rates throughout 
thickness of its mass ; toward the lower ex; 
ity of the glacier the bottom is retarded, and 
surface portion moves faster, while in the upper 
region the bottom seems to advance more rapidly. 
I say seems, because upon this latter point there 
are no positive measurements, and it is only in- 
ferred from general appearances, while the for- 
mer statement has been demonstrated by accu- 
rate experiments. Remembering the form of the 
troughs in which the glaciers arise, that they 
have their source iu expansive, open fields of 
snow and n^vS, and that these immense accumu- 
lations move gradually down into ever-narrowing 
channels, though at times widening £^in to 
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tract anew, their surface wasting so little from 
external influences tliat they advance far below 
the line of perpetual snow without any sensible 
diminution in size, it is evident tliat an enormous 
pressure must have been brought to bear upon 
them before they could have been packed into 
the lower valleys through which they descend, 

Physicists seem uow to agree that pressure is 
the chief agency in the motion of glaciers. No 
doubt, all the facts point that way ; but it now 
becomes a matter of philosophical interest to de- 
termine in what direction it acts most powerfully, 
and upon this point glacialists are by no means 
agreed. The latest conclusion seems to he, that 
the weight of the advancing mass is itself the 
efficient cause of the motion. But while this is 
probably true in the main, other elements tend- 
ing to the same result, and generally overlooked 
by investigators, ought to be taken into considera- 
tion ; and before leaving the subject, I would add 
a few words upon infiltration in tliis connection. 

The weight of the glacier, as a whole, is about 
the same all the year round. K, therefore, press- 
ure, resulting from that weight, be the all-con- 
trolling agency, its progress should be ujiiform 
during the whole year, or even greatest in win- 
ter, which is by no means the case. By a series 
of experiments, I have ascertained that the on- 
Lirard movement, whatever be its animal average, 
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19 aoedertted in spring and euij sommer. The 
average annual advance of the Racier being, aft 
a given point, at the rate ci abcmt two hundred 
feet, its average sommer advance, at the same 
point, will be at a rate oi two hnndred and fiftf 
feet, while its average rate of movement in win- 
ter will be about one hundred and fiffyfiset. TUb 
can be accounted for only bj the increased press- 
ure due to the large accession of water trickling 
in spring and earlj summer into the interior 
through the network of capillary fissures per- 
vading the whole mass. The unusuallj lai^ in- 
filtration of water at that season is owing to the 
melting of the winter snow. Gaiefhl experimenii 
made on the glacier of the Aar, respecting the 
water thus accumulating on the surface, pene- 
trating its mass, and finally discharged in part 
at its lower extremity, fully confirm this view. 
Here, then, is a powerful cause of pressure and 
consequent motion, quite distinct fi:om the per- 
manent weight of the mass itself, since it oper- 
ates only at certain seasons of the year. In mid- 
winter, when the infiltration is reduced to a 
minimum, the motion is least. The water thus 
introduced into the glacier acts, as we have seen 
above, in various ways : by its weight, by loosen- 
ing the particles of snow and ice through which 
it trickles, and by freezing and consequent ex- 
pansion, at least within the limits and during the 
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En at which the temperature of the glacier 
below 32° Fahrenheit. The simple fact, 
that in the spring the glacier swells on an aver- 
age to about five feet more than its usual level, 
shows how important tliis infiltration must be. 
I can therefore only wonder that other glacialists 
have given so little weight to tliis fact. It is ad- 
mitted by all, tliat the waste of a glacier at its 
surface, iu consequence of evaporation and melt- 
ing, amounts to about nine or ten feet in a year. 
At this rate of diminution, a glacier, even one 
thousand feet in thickness, could not advance 
during a single century without being exhausted, 
The water supplied by infiltration no doubt re- 
pairs the loss to a great degree. Indeed, the 
lower part of the glacier must be chiefly main- 
tained Irom this source, since the annual increase 
&om the fi-esh accumulations of snow is felt only 
above the snow-line, below wliich tlie yearly snow 
melts away and disappears. In a complete the- 
ory of the glaciers, the effect of so great an ac- 
cession of plastic material cannot be overloolted. 
I now come to some points in the structure of 
e glacier, the consideration of which is likely 
"to have a decided influence in settling the con- 
flioting views respectuig their motion. The ex- 
periments of Faraday concerning regelation, and 
the application of the facts made known by the 
great English physicist to the theory of the gUr 
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ciers, as first presented by Dr. Tyndall in his 
admirable work, show that fragments of ice wiUi 
moist Burfaces are readily iwimited under press- 
ure into a solid mass. It follows from these es- 
perimenta, that glacier-ice, at a temperature of 
32° Fahrenbelt, may change its form and pre- 
serve its continuity during its motion, in virtue 
of the pressure to which it is subjected. The 
statement is, that, when two pieces of ice with 
moistened surfaces are placed in contact, they 
become cemented together by the freezing of a 
film of water between them, while, when the ice is 
below 32° Fahrenheit, and therefore dry, no effect 
of the kind can be produced. The freezing was 
also found to taite place under water ; and the 
result was the same, even when the water into 
which the ice was plunged was a . hot as the 
hand can bear. 

The fact that ice becomes cemented under 
these circumstances is fully established, and my 
own experiments have confirmed it to the fullest 
extent. I question, however, the statement, that 
regelation takes place hy thefreenvg of ajUmof 
water between the fragmenti. I never have been 
able to detect any indication of the presence of . 
Buch a Elm, and am, therefore, inclined to con- 
sider this result as akin to what takes place when 
fragments of moist clay or marl are pressed to- 
gether and thus reiuiited. When examining beds 
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of clay and marl, or even of compact limestone, 
especially iu large mountain roassos, I have fre- 
quently observed that the rock presents a net- 
work of minute fissures pervading the whole, 
without producing a distinct solution of coutinu- 
ity, though generally determining the lines ac- 
cording to which it breaks under sudden shocks. 
The network of capillary fissures pervading the 
glacier may fairly bo compared to these rents in 
hard rocks ; with this difference, however, that in 
ice they are more permeable to water tlian in stone. 
How this network of capillary fissures is formed 
has not been ascertauied by direct observation. 
Following, however, tlie transformation of the 
snow and n^v^ into compact ice, it is easily con- 
ceived that the porous mass of snow, as it falls 
in the upper regions of the Alps, and in the 
broad caldrons in which the glaciers properly 
originate, cannot pass into solid ice, by the pro- 
cess described in a former article, without retain- 
ing within itself larger or smaller quantities of 
air. This air is finally surrounded from all 
sides by the cementation of the granules of nSv^, 
lugh the freezing of the water that penetrates 
So enclosed, the bubbles of air are subject to 
the same compression as the ice itself, and be- 
come more flattened in proportion as the snow 
has been more fully transformed into compact 
As long as the transformation of snow into 
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ice is not oomidete, a rise of its temperature to 
82^ Fahrenheit, accompanied with thawing, re- 
duces it at once again to the condition of loose 
grains of n6vi ; but when more compact, it al- 
ways presents the aspect of a mass composed 
of angular firagments, wedged and dovetailed to- 
gether, and separated by capillary fissures, the 
flattened air-bubbles trending in the same direc- 
tion in each fragment, but varying in their trend 
from one firagment to another. There is, more- 
over, this important point to notice, — that, the 
older the nSvS^ the larger are its composing gran- 
ules; and where nSvS passes into porous ice, 
small angular fi'i^ments are mixed with rounded 
n^t^^-granules, the angular fragments appearing 
larger and more numerous, and the n^vS-grBJOr 
ules fewer, in proportion as the n^vS-ice has un- 
dergone most completely its transformation into 
compact glacier-ice. These facts show conclu- 
sively that the dimensions and form of the nSvS- 
granules, the size and shape of the angular frag- 
ments, the porosity of the ice, the arrangement 
of its capillary fissures, and the distribution and 
compression of the air-bubbles it contains, are all 
connected features, mutually dependent. Wheth- 
er the transformation of snow into ice be the re- 
sult of pressure only, or, as I believe, quite as 
much the result of successive thawings and freez- 
ings, these structural features can equally be pro- 
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duced, and exhibit these relations to one another. 
It may be, moreover, that, when tlie glacier is at 
a temperature below 32°, its motion produces ex- 
tensive fisBuration throughout the mass. 

Now that water pervades tliia network of fis- 
SXxBg in the glacier to a deptli not yet ascer- 
I'^uned, my experiments upon the glaeior of the 
' Aar have abundantly proved ; and that the fia- 
Bures themselves exist at a depth of two hundred 
and fifty feet I also know, from actual observa^ 
tion. All this can, of course, take place, even 
if the internal temperature of the glacier never 
should fall below 32° Fahrenheit ; and it has ac- 
tually been assumed that the temperature within 
the glacier does not fall below this point, and 
that, therefore, no phenomena, dependent upon 
a greater degree of cold, can take place beyond a 
Tery superficial depth, to which the cold outside 
may be supposed to penetrate. I have, however, 
observed facts which seem to me irreconcilable 
with this assumption. In the iirst place, a ther- 
mometrograph indicating — 2° Centigrade (about 
28° Pahrenlieit) at a depth of a little over two 
metreB, that is, about six feet and a half, has 
been recovered from the interior of the glacier of 
the Aar, while all my attempts to thaw out other 
instruments placed in the ice at a greater depth 
utterly failed, owing to the circumstance, that, 
after being left for some time in the glacier, they 
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were invariably frozen up in newly formed water- 
ice, entirely different in its structure from the 
surrounding glacier-ice. This freezing could not 
have taken place, did the mass of the glacier 
never fall below 32^ Fahrenheit. • And this is 
not the only evidence of hard frost in the interior 
of the glaciers. The innumerable large walls of 
water-ice, which may be seen intersecting their 
mass in every direction and to any depth thus 
far reached, show that water freezes in their in- 
terior. It cannot be objected, that this is merely 
the result of pressure ; since the thin fluid seams, 
exhibited under pressure in the interesting ex- 
periments of Dr. Tyndall, and described in his 
work imder the head of Crystallization and In- 
ternal Liquefaction, cannot be compared to the 
large, irregular masses of water-ice foimd in the 
interior of the glacier, to which I here allude. 

In the absence of direct thermometric obser- 
vations, from which the lowest internal temper- 
ature of the glacier could be determined with 
precision in all its parts, we are certainly justi- 
fied in assuming that every particle of water-ice 
foimd in the glacier, the formation of which can- 
not be ascribed to the mere fact of pressure, is 
due to the influence of a temperature inferior to 
32° Fahrenheit at the time of its consolidation. 
The fact that the temperature in winter has been 
proved by actual experiment to fall as low as 28° 
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Fahrenheit, tliat is, four degrees below the &eez- 
in^point, at a depth of sis feet below a thick 
covering of snow, though not absolutely conclu- 
sive as to the temperature at a greater depth, is 
certainly very significant. 

Under these circumstances, it is not out of 
place to consider through what channels the low 
temperature of the air surrounding the glacier 
anay penetrate into the interior. The heavy cold 
I'm may of course sink from the surface into 
every large open space, such as the crevasses, 
large fissures, and moulins or mill-like holes to 
be described in a futtire article ; it may also pen- 
etrate with the currents which ingulf themselves 
under the glaeier, or it may enter through its 
terminal vault, or through the lateral openii^ 
between the walls of the valley and the ice. In- 
deed, if all the spaces in the mass of the glacier, 
not occupied by continuous ice, could be graphi- 
cally represented, I believe it would be seen that 
cold air surroimds the glacier-ice itself in every 
direction, so that probably no masses of a greater 
thickness than that already known to be perme- 
able to cold at the surface would escape this con- 
tact with the extertial temperature. If this be 
the case, it is evident that water may freeze in 
any part of the glacier, 

To substantiate this position, which, if sus- 
tained, would prove that the dilatation of the 
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mass of the glacier is an essential elemi 
its motion, I may allude to several othA 
known facts. The loose snow of the a|lfi 
gions is gradually transformed into 4fii 
ice. The experiments of Dr. Tyn 
that this may be the result of pre 
in the region of the nSvS it is evid 
ing to the transformation of the 
into ice by repeated melting and 
it takes place in the uppermost layers 
snow, where pressure can have no such 
well as in its deeper beds. I take it for 
also, that no one, familiar with the p: 
the numerous ice-seams parallel to the 
of snow in these upper regions of the g^"'- 
can doubt that they, as well as the nfvS^^ 
the result of frost. But be this as it 
the difference between the porous ice <^"- * 
upper region of the glacier and the compac"t^J 
ice of its lower track seems to me evx 
direct that at times the whole mass Da"*^ 
sume the rigidity imparted to it by a 
ature inferior to the freezing-point* W" 
that at 32'' Fahrenheit, regelation 
mass continuous, and that it becomes brif*^ 
at a temperature below this. In other 
the ice can break up into a mass of 
fragments, such as the capillary fissured 
infiltration-experiments described in il^' 
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cut. I had considered them to be compressed air- 
bubbles; and though I cannot, under my pres- 
ent circumstances, repeat the experiment of Dr. 
Tyndail upon glacier-ice, I conceive that the star- 
shaped figures represented upon PL Vn. Pigs. 
8 and 9, in my " SystSme Glaciaire," may re- 
fer to the same phenomenon as that observed 
by him in pond-ice. Yet while I make this con- 
cession, I still maintain, that besides these crys- 
talline figures there exist compressed air-bub- 
bles in the angular fragments of the glacier-ice, 
as shown in the preceding wood-cut; and that 
these bubbles are grouped in sets, trending in 
the same direction in one and the same fragment, 
and diverging under various angles in the differ- 
ent fragments. I have explained this fact con- 
cerning the position of the compressed air-bub- 
bles, by assuming that ice, under various press- 
ure, may take the appearance it presents in each 
fragment with every compressed air-bubble trend- 
ing in the same direction, while their diver- 
gence in the different fragments is owing to a 
change in the respective position of the frag- 
ments resulting from the movement of the whole 
glacier. I have further assumed, that through- 
out the glacier the change of the snow and porous 
ice into compact ice is the result of successive 
freezing, alternating with melting, or at least 
with the resumption of a temperature of 32® 
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renheit in consequence of the infiltration of 
t^uid water, to which tho effects of pressure 
jbuBt he added, the importance of which in this 

inectiou no one could hare anticipated prior 
t the experhnents of Dr. Tyndall, Of course, 
F the interior temperature of the glacier never 
fidls below 32", the changes here alluded to could 
jiot take place. But if the vacuous spaces ob- 
rved by Dr. Tyndall are really identical with 
pie spaces I have described as extremely flattened 
ir-bvlhles, I think the ari-angement of these 
les as above described proves that it fi'eezea 
. the interior of the glacier to the depth at 
hich these crosswise fragments have been ob- 
rved ; that is, at a depth of two hiindred foet. 
', since the experiments of Dr. Tyndall show 
lat the vacuous spaces are parallel to the sur- 
i of crystallization, and as no crystallization 
F water can take place unless the surrounding 
mperature faU below 32°, it foUowa that these 
vacuous spaces could not exist iu such large con- 
tinuous fragments, presenting throughout the 
fragments the same trend, if there had been 
no frost within the mass, affecting the whole 
of such a fragment while it remained iu the same 
jsition. 

most striking evidence, in my opinion, 
lat at times the whole mass of the glaeier actn- 
lally freezes, is drawn from the fact, already allu- 
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ded to, that, while the surfax^e of the glacier loses 
annually from nine to ten feet of its thickness by 
evaporation and melting, it swells, on the other 
hand, in the spring, to the amount of about five 
feet. Such a dilatation can hardly be the re- 
sult of pressure and the packing of the snow and 
ice, since the difference in the bulk of the ice 
brought down, during one year, from a point 
above to that under observation, would not ac- 
coimt for the swelling. It is more readily ex- 
plained by the freezing of the water of infiltration 
during spring and early summer, when the in- 
filtration is most copious and the winter cold 
has been accumulating foi: the longest time. 
This view of the case is sustained by Elie de 
Beaumont, who states his opinion upon this point 
as follows : — 

" Pendant I'hiver, la temperature de la surface 
du glacier s'abaisse St un grand nombre de degr^s 
au-dessous de z^ro, et cette basse temperature 
p^ndtre, quoique avec un affaiblissement gradual, 
dans I'interieur de la masse. Le glacier se fen- 
dille par I'effet de la contraction resultant de 
ce refroidissement. Les fentes restent d'abord 
vides, et concourent au refroidissement des gla- 
ciers en favorisant introduction de I'air froid ex- 
terieur ; mais au printemps, lorsque les rayons 
du soleil echauffent la surface de la neige qui 
couvre le glacier, ils la ramdnent d'abord ^ z^ro, 
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Bat ils produisent ensuite de I'eau ^ zSro qui tombe 

s le glacier refroidi ct fendill^. Cotte eaa a'y 

niigtile & I'iustaiit, en laissant d^gag^r de la oha- 

l.'leur qtii tend k rameaer le glacier k z6to; et 

f'le phfinomSne se continue jusqu'i ce quo la 

masse eutiSre da glaeier refroidi soil ramen^ ^ la 

temperature de zi^ro."* 

But where direct observations are still bo scan- 
ty, and the interpretations of the I'acts so con- 
flicting, it is the part of wisdom to be circum- 
wct in forming opinions. This much, how- 
iver, I believe to be already settled : that any 
Bieory which ascribes the very complicated phe- 
ftaomena of the glacier to one cause must be de- 
gJective and one-sided. It seems to me most 

""Dnring the winter, iho temperature at the Buriace of 
B glacier sinka a great many degrees below 32° Fahrenheit, 
c pcoetratca, though at a gradnall; (le- 
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nred in conaeqnenee of the contraction resulting from 

is cooling process. The cracks remain open at first, and con- 

(ribate to lower the lemperaturo of the glacier hy favoring 

IB introdacCion of the cold air from without ; hut in the spring, 

FIrhen the rays of the sun nuse the temperature uf the snow COT- 

g the glacier, the; first bring it hack to 32° Fabrenhcit, and 

fpresently produce water at 32°, which falls into the chilled 

and flasutod maaa of the glacier. There this walo- ia instantly 

tratcn, rcloaaing heat which tends to bring back the glacier 

to the tcmperaiuro of 32°; and thia proccsa continuea till the 

IS of the cooled glacier returns to the temperatnre 

I'Of 32°." 
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probable, that, while pressure has the larger 
share in producing the onward movement of thQ 
glacier, as well as in the transformation of th9 
snow into ice, a carefiil analysis of all the feicts 
will show that this pressure is owing partly to 
the weight of the mass itself, partly to the push- 
ing on of the accumulated snow from behind, 
partly to its sliding along the sur&ce upon which 
it rests, partly to the weight of water pervading 
the whole, partly to the softening of the rigid 
ice by the infiltration of water, and partly, also, 
to the dilatation of the mass, resulting frt)m the 
freezing of this water. These causes, of course, 
modify the ice itself, while they contribute to 
the motion. Further investigations are required 
to ascertain in what proportion these diflFerent 
influences contribute to the general result, and 
at what time and under what circumstances they 
modify most directly the motion of the glacier. 

That a glacier cannot be altogether compared 
to a river, although there is an unmistakable 
analogy between the flow of the one and the 
onward movement of the other, seems to me 
plain, — since the river, by the combination of 
its tributaries, goes on increasing in bulk in con- 
sequence of the incompressibility of water, while 
a glacier gradually thins out in consequence of 
the packing of its mass, however large and nu- 
merous may be its accessions. The analogy fails 
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in one important point, that of tlie accelersr 
of speed witli the steepness of the slope. 
The motion of the glacier bears uo such direct 
relation to the iuclinatioii of its bod. And though 
in a glacier, as in a river, the axis of swiftest 
motion is thrown alternately on one or the other 
side of the valley, according to its shape and 
slope, the very nature of ice makes it impossible 
that eddies should be formed in the glacier, and 
the impressive feature of whirlpools is altogether 
jrantmg in them. Wliat have been called gla- 
:-«aecades bear only a remote resemblance to 
'er-caacades, as in the former the surface only 
thrown into confusion by breaking, without 
affecting the primitive structure ; * and I re- 
iterate my formerly expressed opinion, that even 
file stratification of the upper regions is still 
recognizable at the lower end of the glacier of 
the Rhone. 

The internal structure of the glacier has al- 
ly led me beyond the limite I had proposed 
myself in the present article. But 1 trust 
my readers will not be discouraged by this dry 
discnssion of various theories concerning it, and 
will meet me again on tlio glacier, when we will 
:amine together some of its more picturesque 

* For the evidence of (his statement I must, boweTcr, refei 
p mj work on Glaciers, already ea often (juoted in this article, 
■e it may be found with all the necessary details. 
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features, its crevasses, its rivulets and cascades, 
its moraines, its boulders, etc., a^id endeavor also 
to track its ancient course and boundaries in 
earlier geological times. 




ESTEENAL APPEARANCE OF GLACIERS. 

Thus far we have examined chiefly the inter- 
nal structure of the glacier ; let us look now at 
its external appearance, and at the variety of cu- 
lious phenomena connected with the deposit of 
foreign materials upon its surface, some of which 
fieem quite inexplicable at first sight. Among 
ittie most striking of these are the large boulders 
erated on colunans of ice, standing sometimes 
n feet or more above the level of the glacier, 
id the sand-pyramids, those conical hills of 
tmd which occur not infrequently on the larger 
Alpine glaciers. One is at first quite at a loss 
explain the presence of these pyramids in the 
idst of a frozen ice-field, and yet it has a very 
Biniple cause. 

I have spoken of the many little rills arising 
ton the surface of the ice in consequence of its 
lelting. Indeed, the voice of the waters is rarely 
iBtill on the glacier during the warm season, ex- 
cept at night. On a summer's day, a thousand 
born before noontide, and die again 
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at sunset ; it is no uncommon thing to see a full 
cascade come rushing out from the lower end of 
a glacier during the heat of the day, and vanish 
again at its decline. Suppose one of these riv- 
ulets should fall into a deep, circular hole, such 
as often occur on the glacier, and the nature of 
which I shall presently explain, and that this 
cylindrical opening narrows to a mere crack at 
a greater or less depth within the ice, the water 
will find its way through the crack and filter 
down into the deeper mass; but the dust and 
sand carried along with it will be caught there, 
and form a deposit at the bottom of the hole. 
As day after day, throughout the summer, the 
rivulet is renewed, it carries with it an additional 
supply of these light materials, imtil the open- 
ing is gradually filled and the sand is brought 
to a level with the surface of the ice. We have 
already seen, that, in consequence of evapora- 
tion, meltlDg, and other disintegrating causes, 
the level of the glacier sinks annually at the 
rate of from five to ten feet, according to sta- 
tions. The natural consequence, of course, must 
be, that the sand is left standing above the sur- 
face of the ice, forming a moimd which would 
constantly increase in height in proportion to the 
sinking of the surrounding ice, had it sufficient 
solidity to retain its original position. But a 
heap of sand, if unsupported, must very soon 
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IfoMde and be dispersed ; and, indeed, theso 
l^ramids, which are often quite lofty, and yet 
look as if they would crumble at a touch, prove, 
<tai nearer examination, to be perfectly solid, and 
are, in fact, pyramids of ice with a thin sheet of 
Baud spread over them. A word will explain 
liow this trauRformation is brought about. As 
soon as the level of the glacier falls below the 
sand, thus depriving it of support, it sinks down 
and spreads slightly over tlie surrounding sur- 
face. In this condition it protects the ice imme- 
P4iately beneath it from the action of the sun. 
Tu proportion as the glacier wastes, this pro- 
tected area rises above thei general mass and be- 
comes detached from it. The sand, of course, 
Elides down over it, spreading toward its base, 

Eia to cover a wider space below, and an ever- 
rowing one above, until it gradiially assiunes 
pyramidal form in which we find it, covered 

with a thin coating of sand. Every stage of this 
process may occasionally be seen upon the same 
glacier, in a number of sand-piles raised to va- 
rious heights alMDve the surface of the ice, ap- 
proaching the perfect pyramidal form, or falUng 
to pieces after standing for a short time erect. 

The phenomenon of the large boulders, sup- 
ported ou tall pillars of ice, is of a similar char- 
acter. A mass of rook, having fallen on the 
. iorface of the glacier, protects the ice iramedi- 
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ately beneath it from the action of the sun ; and 
as the level of the glacier sinks all around it, in 
consequence of the unceasing waste of the sur- 
face, the rock is gradually left standing on an 
ice-pillar of considerable height. In proportion 
as the column rises, however, the rays of the sun 
reach its sides, striking obliquely upon them un- 
der the boulder, and wearing them away, imtil 
the column becomes at last too slight to sustain 
its burden, and the rock falls again upon the 
glacier ; or, owing to the unequal action of the 
Sim, striking of course with most power on the 
southern side, the top of the pillar becomes slant- 
ing, and the boulder stdes off. These ice-pillars, 
crowned with masses of rock, form a very .pic- 
turesque feature in the scenery of the glacier, 
and are represented in many of the landscapes 
in which Swiss artists have endeavored to repro- 
duce the grandeur and variety of Alpine views, 
especially in the masterly Aquarelles of Lory. 
The English reader will find them admirably well 
described and illustrated in Dr. Tyndall's work 
upon the glaciers. They are known throughout 
the Alps as " glacier-tables ; " and many a time 
my fellow-travellers and I have spread our frugal 
meal on such a table, erected, as it seemed, es- 
pecially for our convenience. 

Another curious effect is that produced by 
small stones or pebbles, small enough to become 
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heated through by the sun in Bummer. Such a 
heated pebble will of course melt the ice below 
it, and so wear a hole for itself into which it 
vinks. This process will continue as long as the 
Btin reaches the pebble with force enough to heat 
it. Numbers of such deep, round holes, hke 
oi^an-pipes, varying in size from the diameter 
of a minute pebble or a grain of coarse sand to 
tiiat of an ordinary stone, are found on the glor 
taer, and at tbe bottom of each is the pebblo by 
vhich it was bored. The ice formed, by tbe frees- 
&ig of water collecting in such holes and in the 
fissures of the surface is a pure crystallized ice, 
Tery different in color from the ice of the great 
mass of the glacier produced by snow ; and some- 
Urnea, after a rain and frost, tbe surface of a 
glacier looks like a mosaic-work, in consequence 
of such veins and cylinders or spots of clear ice 
with which it ia inlaid. 

Indeed, the aspect of tbe glacier changes con- 

Btantly with the different conditions of tbe tem- 

jperature. We may see it, when, during a long 

ry season, it has collected upon its surface aU 

irts of light floating materials, as dust, sand, 

id the like, so that it looks dull and soiled, — 

when a heavy rain has washed the surface 

lan from all impurities and left it bright and 

ish. We may see it when the heat and other 

iliBintegrating influences have acted upon the ice 
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to a certain superficial depth, so that its surface 
is covered with a decomposed crust of broken, 
snowy ice, so permeated with air that it has 
a dead-white color, like pounded ice or glass. 
Those who see the glacier in this state miss the 
blue tint so often described as characteristic of 
its appearance in its lower portion, and as giving 
such a peculiar beauty to its caverns and vaults. 
But let them come again after a summer storm 
has swept away this loose sheet of broken, snowy 
ice above, and before the same process has had 
time to renew it, and they will find the compact, 
solid surface of the glacier of as pure a blue as 
if it reflected the sky above. We may see it in 
the early dawn, before the new ice of the preced- 
ing night begins to yield to the action of the sun, 
and the surface of the glacier is veined and in- 
laid with the water poured into its holes and fis- 
sures during the day, and transformed into pure, 
fresh ice during the night, — or when the noon- 
day heat has wakened all its streams, and rivu- 
lets sometimes as large as rivers rush along its 
surface, find their way to the lower extremity 
of the glacier, or, dashing down some gaping 
crevasse or open well, are lost beneath the ice. 

It would seem, from the quantity of water that 
is sometimes ingulfed within these open breaks 
in the ice, that the glacier must occasionally be 
fissured to a very great depth. I remember once, 



EXTERNAL APPEARANCE OF GLACIERS. 289 

■*vrheu boring a hole iu the glacier in order to let 
down a self-regulating thermometer into its in- 
terior, seeing an immense fissure suddealy reut 
open, in consequence, no doubt, of the shocks 
given to the ice by the blows of the instruments. 
^e effect was like that of an earthquake ; the 

linass seemed to rock beneath us, and it was dif- 
fioidt to keep our feet. One of these glacial 
rivers was flowing past the spot at the time, and 
as instantly lost in the newly formed chasm, 
However deep and wide the fissure might be, 

-each a stream of water, constantly poured into 
it, and daily renewed throughout the summer, 
mmt eventually fill it and overflow, unless it 
finds its way through the whole mass of the gla- 

TBler to the bottom ou which it rests; — it must 
ive an outlet above or bolow. The fact that 

iConsiderable rivulets (too broad to leap across, 

;and too deep to wade through safely even with 
high boots) may entirely vanish in the glacier 
unquestionably sliows one of two things, — that 
the whole mass must be soaked with water like 
a wet sponge, or the cavities must roach the bob- 
torn of the glacier. Probably the two conditions 
are generally combined. 

In direct connection with the narrower fissures 
are the so-called moulina, — the circular wells on 
the glacier already alluded to when speaking of 
the sand-hills. We wiU suppose that a trans- 
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verse, narrow fissure has been formed across the 
glacier, and that one of the many riyulets flow- 
mg longitudinally along its surface empties into 
it. As the surface-water of the glacier produc- 
ing these rivulets arises not only from the melt- 
ing of the ice but also from the condensation of 
vapor, or even from rain-falls, and flows over the 
scattered dust-particles and fragments of rock, it 
has always a temperature slightly above 32®, so 
that such a rivulet is necessarily warmer than 
the icy edge of the fissure over which it precip- 
itates itself. In consequence of its higher tem- 
perature it melts the edge, gradually wearing it 
backward, till the straight margin of the fissure 
at the spot over which the water falls is changed 
to a semicircle ; and, as much of the water dashes 
in spray and foam against the other side, the same 
effect takes place there, by which a c6rresponding 
semicircle is formed exactly opposite the first. 
This goes on not only at the upper margin, but 
through the whole depth of the opening as far 
down as the water carries its higher tempera- 
ture. In short, a semicircular groove is exca- 
vated on either side of the fissure for its whole 
depth along the line on wliich the rivulet holds 
its downward course. After a time, in conse- 
quence of the motion of the glacier, such a fis- 
sure may close again, and then the two semicir- 
des thus brought together form at once one 
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contiiiiious circle, and we have one of the round 
deep openings on the glacier known aa moulint, 
or wella, which may of course become perfectly 
dry if any accident turns the rivulet aside op 
dries up its source. The most common cause of 
the intonnittence of such a waterfall is the for- 
mation of a crevasse higher up, across the water 
eourse which supplied it, and which now begins 
another excavation. 

These wells are often very profound. I have 
lowered a line for more than seven hundred feet 
in one of them before striking bottom ; and one 
is by no means sure eveu then of having sounded 
the whole depth, for it may often happen that 
the water meets with some obstacle which pre- 
▼ents its direct descent, and, turning aside, con- 
tinues its deeper course at a different angle. 
Such a well may be like a crooked shaft in a 
mine, changing its direction from time to time. 
I found this to be the case in one into which I 
caused myself to he lowered in order to examine 
the internal structure of the glacier. For some 
time my descent was straight and direct, hut at 
a depth of about fifty feet there was a landing- 
place, as it were, from which the opening con- 
tinued its farther course at quite a different an- 
gle. It is within these cylindrical openings in 
the ice that those accumulations of sand collect 
■which form the pyramids described above. 
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One may often trace the gradual formation of 
these wells, because, as they require certain sim- 
ilar conditions, they are very apt to be found in 
various stages of completion along the same track 
where these conditions occur. Fissures, for in- 
stance, will often be produced along the same 
line, because, as the mass of the glacier moves 
on, its upper portions, as they advance, come 
successively in contact with inequalities of the 
bottom, in consequence of which the ice is 
strained beyond its power of resistance and 
cracks across. Rividets are also likely to be 
renewed summer after summer over the same 
track, because certain conditions of the surface 
of the glacier, to which I have not yet alluded, 
and which favor the more rapid melting of 
the ice, remain unchanged year after year. Of 
course, the wells do not remain stationary any 
more than any other feature of the glacier. 
They move on with the advancing mass of ice, 
and we consequently find the older ones consid- 
erably lower down than the more recent ones. 
In ascending such a track as I have described, 
along which fissures and rivulets are likely to 
occur, we may meet first with a sand-pyramid ; 
at a certain distance above that there may be a 
circular opening filled to its brim with the sand 
which has just reached the surface of the ice ; a 
little above may be an open well with the rivulet 
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Btdll pouring into it ; or, higher up, we may meet 
an open fissiire with the two Bemicircles opposite 
each other on the margins, but not yet united, 
as they will be presently by the closing of the 
or wo may find near by another fissure, 
rthe edges of which are just beginning to wear in 

msequence of the action of the water. Thus, 
'though we cannot trace the formation of such a 
cylindrical shaft in the glacier from the begin- 
ning to the end, we may, by combining the aep- 
.arate facts observed in a number, decipher their 
■whole history. 

In describing the surface of the glacier, I 
iBhould not omit the shallow troughs, which I 
have called "meridian holes," from the accu- 
racy with which they register the position of 
the sun. Here and there on the glacier tliere 
are patches of loose materials, dust, sand, peb- 
bles, or gravel, accumulated by diminutive water- 
rilla, and small enough to become heated during 
the day. They will, of course, be warmed first 
on their eastern side, then, stiU more powerfully, 
on their southern side, and in the afternoon with 
less force again on their western side, while the 
northern side will remain comparatively cool. 
Thus around more than half of their circumfer- 
ence they melt the ice in a semicircle, and the 
glacier is covered with little crescent-shaped 
troughs of this description, with a steep wall on 
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one side and a shallow one on the other, and a 
little heap of loose materials in the bottom. 
They are the sun-dials of the glacier, recording 
the hour by the advance of the sun's rays upon 
them. 

In recapitulating the results of my glacial ex- 
perience, even in so condensed a form as that in 
which I intend to present them here, I shall be 
obliged to enter somewhat into personal narrar 
tion, though at the risk of repeating what has 
been already told by the companions of my ex- 
cursions, some of whom wrote out in a more pop- 
ular form the incidents of our daily life which 
CQuld not be fitly introduced into my own record 
of scientific research. When I first began my 
investigations upon the glaciers, now more than 
twenty-five years ago, scarcely any measurements 
of their size or their motion had been made. One 
of my principal objects, therefore, was to ascer- 
tain the thickness of the mass of ice, generally 
supposed to be from eighty to a hundred feet, 
and even less. The first year I took with me a 
liundred feet of iron rods, (no easy matter, where 
it had to be transported to the upper part of a 
glacier on men's backs,) thinking to bore the 
glacier through and through. As well might I 
have tried to sound the ocean with a ten-fathom 
line. The following year I took two hundred 
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)et of rods with me, and again I i 



i foiled. 

[ succeeded in carrying up a thou- 

line, and satisfied myself, after many 

attempts, that this was about the average thiok- 

uesa of the glacier of the Aar, oil which I was 

Ivorking. 

I mention these failures, because they give 
lome idea of the discouragements and difSculties 
Iwhich meet the investigator in any now field of 
^research ; and the student must remember, for 
■Jhis consolation under such disappointments, that 
E failures are almost aa important to the cause 
^of science and to those who follow him in the 
me road as his successes. It is much to know 
what we cannot do in any given direction, — the 
rat step, indeed, toward the accomplishment of 
<rhat we can do. 
A like disappointment awaited me in my first 
Kdttempt to ascertam by direct measurement the 
late of motion in the glacier. Early observers 
had asserted that the glacier moved, hut there 
had been no accurate demonstration of the fact, 
[i«nd so uniform is its general appearance trom 
Ijoar to year that even the fact of its motion was 
Ldenied by many. It is true that ttie progress 
Lof boulders liad been watched ; a mass of rock 
I which had stood at a certain point on the glacier 
8 found many feet below that point the follow- 
ing year ; but the opponents of the tlieory insisted 
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that it did not follow, because the mass of rock 
had moved, that therefore the mass of ice had 
moved with it. They believed that the boulder 
might have slid down for that distance. Neither 
did the occasional encroachment of the glaciers 
upon the valleys prove anything; it might be 
solely the effect of an unusual accumulation of 
snow in cold seasons. Here, then, was another 
question to be tested ; and one of my first ex- 
periments was to plant stakes in the ice to ascer- 
tain whether they would change their position 
with reference to the sides of the valley or not. 
If the glacier moved, my stake must of course 
move with it; if it was stationary, my stakes 
would remain standing where I had placed them, 
and any advance of other objects upon the surface 
of the glacier would be proved to be due to their 
sliding, or to some motion of their own, and not 
to that of the mass of ice on which they rested. 
I found neither the one nor the other of my 
anticipated results; after a short time, all the 
stakes lay flat on the ice, and I learned nothing 
from my first series of experiments, except that 
the surface of the glacier is wasted annually for 
a depth of at least five feet, in consequence of 
which my rods had lost their support, and fallen 
down. Similar disappointment was experienced 
by my friend Escher upon the great glacier of 
Aletsch, 
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My fiiilure, however, taiight mo to sink the 
next set of stakes ten or fifteen feet below the 
surface of the ice, instead of five ; and the ex- 
periment was attended with happier results. A 
etake planted eighteen feet deep in the ice, and 
cut on a level with the surface of the glacier, 
in the summer of 1840, was found, on my return 
in the summer of 1841, to project seven feet, 
and in the beginning of September it showed 
ten feet above the surface. Before leaving the 
glacier, in September, 1841, 1 planted six stakes, 
at a certain distance from each other, in a straight 
line across the upper part of the glacier, taking 
oaro to have the position of all tlie stakes deter- 
mined with reference to certain fixed points on 
the rocky walls of the valley. Wlien I returned, 
the following year, all the stakes had advanced 
considerably, and the straight line had changed 
to a crescent, the central rods having moved 
forward much faster than those nearer the sides, 
BO that not only was the advance of the glacier 
clearly demonstrated, but also the fact that its 
middle portion moved faster than its margins, 
jThis furnished the first accurate data on record 
concerning tlie average movement of the glacier 
during the greater part of one year. lu 1842 
I caused a trigonometric survey of the whole 
glacier of the Aar to be made, and several lines 
across its whole width wore staked and deter- 
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mined with reference to the sides of the ralley ; * 
for a number of successive years the survey 
was repeated, and furnished the numerous data 
concerning the motion of the glacier which I 
have published. I shall probably never have an 
opportunity of repeating these experiments, and 
examining anew the condition of the glacier of 
the Aar ; but, as all the measurements were taken 
with reference to certain fixed points recorded 
upon the map mentioned in the note, it would 
be easy to renew them over the same locality, 
and to make a direct comparison with my first 
results after an interval of a quarter of a century. 
Such a comparison would be very valuable to 
science, as showing any change in the condition 
of the glacier, its rate of motion, etc., since the 
time my survey was made. 

These observations not only determined the 
fact of the motion of the glacier itself, as well 
as the inequality of its motion in different parts, 
but explained also a variety of phenomena in- 
directly connected with it. Among these were 
the position and direction of the crevasses, those 
gaping fissures of unknown depths, sometimes 

* All the trigonometrical measurements connected with my 
experiments were very ably conducted by Mr. Wild, now Pro- 
fessor at the Federal Polytechnic School in Zurich; they are 
recorded in the topographical survey and map of the glacier 
of the Aar, accompanying my " Syst^me Glaciaire." 
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a mile or more in length, and often measuring 
seTeral hundred feet in width, the terror, not 
-toly of the ordinary ti'aveller, but of the most 
lerienced mountaineers. There is a variety 
ttf such crevasses upon the glacier, but the most 
numerous and dangerouB are the "transverse and 
lateral ones. The transverse ones wero readily 
accounted for after the motion of the glacier 
was admitted; they must take place, whenever, 
in consequence of the advance of the glacier 
over inequalities or steeper parts of its bed, the 
:on of the mass was so groat that the cohe- 

Lon of the particles was overcome, and tlie ice 

insequently rent apart. This would be espe- 
the case wherever some steep angle in 

le bottom over which it moved presented an 
jibstacle to the even advance of the mass. Bnt 
position of the lateral ones was not so easily 

iderstood. They are especially apt to occur 
wherever a promontory of rock juts out into 
the glacier; and, when fresh, they usually slant 
obliquely upward, trending from the prominent 
wall toward the head of the glacier, while, when 
old, on the contrary, they turn downward, bo 
that the crevasses around such a promontory are 
often arranged in the shape of a spread fan, 
diverging from it in different directions. When 
_liie movement of the glacier was fully under- 
)d, however, it became evident, that, in its 



800 EXTERNAL APPEARANCE OF 6LA0IEES. 

effort to force itself around the promontory, the 
ice was violendj torn apart, and that the rent 
must take place in a direction at right angles 
with that in which the mass was moving. If 
the mass be moTing inward and downward, the 
direction of the rent must be obliquely upward. 
As now the mass continues to advance, the cre- 
vasses must advance with it; and, as it moves 
more rapidly toward the middle than on the mar- 
gins, that end of the crevasse which is farthest 
removed from the projecting rock must move 
more rapidly also; the consequence is, that all 
the older lateral crevasses, after a certain time, 
point downward, while the fresh ones point up- 
ward. 

Not only does the glacier collect a variety of 
foreign materials on its upper surface, but its 
sides as well as its lower surface are studded 
with boulders, stones, pebbles, sand, coarse and 
fine gravel, so that it forms in reality a gigantic 
rasp^ with sides hundreds of feet deep, and a 
surface thousands of feet wide and many miles in 
length, grinding over the bottom and along the 
walls between which it moves, polishing, grooving, 
and scratching them as it passes onward. One 
who is familiar with the track of this mighty 
engine will recognize at once where the large 
boulders have hollowed out their deeper furrows, 
where small pebbles have drawn their finer marks, 
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where the stones with angular edges have left 

their sharp scratches, where sand and gravel have 

rubbed and smoothed the rocky surface, and left 

it bright and polished as if it came from the 

hand of the marble-worker. These marks are 

not to be mistaken by any one who has carefully 

observed them ; the scratches, furrows, grooves, 

are always rectilinear, trending m the direction 

in which tlie glm;ier is moving, and most distinct 

on that side of the surface-inequalities facing the 

direction of the moving mass, while the lee-side 

lains mostly untouched. 

It may be asked, how it is known that the gla- 

Her carries this powerful apparatus on its sides 

and bottom, when thej are hidden from sight. 

I answer, that we might determine the fact theo- 

ically from certain known conditions respecting 

conformation of the glacier, to which I shall 

.ude presently ; but we need not resort to this 

d of evidence, since we have ocular deraon- 

ition of the trutli. Here and there on the 

les of the glacier it is possible to penetrate 

itween the walls and the ice to a great depth, 

id even to follow such a gap to the very bottom 

the valley; and everywhere do we find the 

surface of the ice fretted, as I have described it, 

with stones of every size, from the pebble to the 

boulder, and also with sand and gravel of all 

from the coarsest grain to the finest ; and 
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these materials, more or less firmly set in the 
ice, form the grating surface with which, in its 
onward movement down the Alpine valleys, it 
leaves everywhere unmistakable traces of its pas- 
sage. 

^ We come now to the moraines, those walls of 
loose materials built by the glaciers themselves 
along their road. They have been divided into 
three classes, namely, lateral, medial, and ter- 
minal moraines. Let us look first at the lateral 
ones ; and to understand them we must examine 
the conformation of the glacier below the nivS^ 
where it assumes the character of pure compact 
ice. We have seen that the fields of snow, where 
the glaciers have their origin, are level, and that 
lower down, where these masses of snow begin 
to descend toward the narrower valley, they fol- 
low its trough-like shape, sinking toward the 
centre and sloping upward against the sides, so 
that the surface of the glacier, about the region 
of the nSvS^ is slightly concave. But lower down 
in the glacier proper, where it is completely 
transformed into ice, its surface becomes convex, 
for the following reason. The rocky walls of 
the valley, as they approach the plain, partake 
of its high temperature. They become heated 
by the sun during the day in summer, so that 
the margins of the glacier melt rapidly in contact 
with them. In consequence of this, there is 
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always in the lower part of the glacier a broad 
depression between the ice and the rocky walls, 
while, as this effect is not felt in the centre of 
the glacier, it there retains a higher level. Tlie 
natural result of this is a convex surface, arching 
upward toward the middle, sinking toward the 
sides. It is in these broad, marginal depressions 
that the lateral moraines accumulate ; masses of 
rock, stones, pebbles, dust, all the fragments, in 
short, which become loosened from the rocky 
walls above, fall into them, and it is a part of 
the materials bo accumulated which gradually 
work their way downward between the ice and 
the walls, til! the whole side of the glacier be- 
comes studded with them. It is evident, that, 
when the glacier runs in a northerly or southerly 
direction, both the walls will be affected by the 
sun, one in the morning, the other in the ail«r- 
noon, and in such a case the sides will be uni- 
form, or nearly so. But when the trend of the 
valley is from east to west, or from west to east, 
tlie northern side only will feel the full force of 
the sun ; and in such a case, only one side of 
the glacier will bo convex in outline, while the 
other will remain nearly on a level with the mid- 
dle. The large masses of loose materials which 
accumulate between the glacier and its rocky 
walls and upon its margins form the lateral mo- 
raines. These move most slowly, as the marginal 
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portions of the glacier adraace at a much slowot 
rate tliao its coiitre. 

The medial moraines arise in a different way, 
though tliey are directly connected with the 1 
eral moraines. It often happens that two small^ 
glaciers unite, running into each other to fonft 
a. larger one. Suppose two glaciers to be moving 
along two adjoinhig yalleys, converging toward 
each other, and running in an easterly or weaterl/ 
direction ; at a certain point these two vaUejli 
open into a single valley, and here, of cours^ 
the two glaciers must meet, like two rivers roslH 
ing into a common bed. But as glaciers oonsifll 
of a solid, and not a fluid, there will be i 
discriminate mingling of the two, and they wb| 
hold their course side by side. This being t 
case, the lateral moraine on the southern side oi 
the northernmost glacier, and that on the northers 
side of the southenimost one, must meet in 1 
centre of the combined glaciers. Such are th^ 
so-called medial moraines formed by the junctiol 
of two lateral ones. Sometimes a glamor i 
have a great number of tributaries, and in t 
case we may sea several such moraines i 
in straight lines along its surface, all of which a 
called medial moraines in consequence of th^ 
origin midway between two combining gladen 
The glacier of the Aar, represented in the wot 
cut opposite, affords a striking example of a larg 
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Note. — lin, lUtB uii pji. 30j ami 307 liave an 
reverseii, — what is on die left sliould be on tlie riirht, an 
ixrea; thej must therefore bo conaidered only as iliiigninii 
juncllon of two glar^iere and of a terminal moriune. 
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media] moraine. It is formod by the jtmctioii 
of the glaciers of the Lauter-Aar, on the right- 
haud side of the wood-cut, and the Finster-Aar, 
on the left ; and the union of their inner lateral 
moruues, in tlio centre of the diagram, forms 
the Btouy wall down the centre of the largai 
glacier, called its medial moraine. This mond 
at some points is not loss than sixty feet 1 
We have here an effect similar to that of t 
glacier-tables and tlie sand-pyraraids. The v 
protects the ice beneath it, and prevents it fro^ 
sinkmg at the same rate as the surrounding so] 
face, while its heated surface increases the mel 
ing of the adjacent surfaces of ice, thus form 
longitudinal depressions along the medial 
raines, in which the largest rivulets and the moJ 
conspiciious sand-pyramids, the deepest weUs auj 
the finest waterfalls, are usually met with. 
the medial moraines rest upon that part of t 
glacier which moves fastest, they of course s 
vance much more rapidly than the lateral i 
raines. 

The tormmal moraines consist of all the dSir 
brought down by the glacier to its lower extreiq 
ity. In consequence of the more rapid movemenS 
of the centre of the glacier, it always terminates 
in a semicircle at its lower end, where these 
materials collect, and the terminal moraines, of^ 
course, follow the outline of the glacier. 
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)d-cut below represents the terminal moraine 
r the glacier of Viesch. 




Sometimes, when a number of cold summers 

lYe succeeded each other, preventing the glacier 

from melting in proportion to its advance, the ac- 
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cumtQation of mateiials at its terminus becomes 
very considerable ; and when, in consequence of 
a succession of warm summers, it gradually melts 
and retreats from the line it has been occupying, 
a large semicircular wall is left, spanning the val- 
ley from side to side, through which the stream 
issuing from the glacier may be seen cutting 
its way. It is important to notice that such 
terminal moraines may actually span the whole 
width of a valley, from side to side, and be in- 
terrupted only where watercourses of sufficient 
power break through them. To suppose that 
such transverse walls of loose materials could 
be thrown across a valley by a river were to sup- 
pose that it could build dams across its bed while 
it is flowing. Such transverse or crescent-shaped 
moraines are everywhere the work of glaciers. 

All these moraines are the landmarks, so to 
speak, by which we trace the height and extent, 
as well as the progress and retreat, of glaciers 
in former times. Suppose, for instance, that a 
glacier were to disappear entirely. For ages it 
has been a gigantic ice-raft, receiving all sorts 
of materials on its surface as it travelled onward, 
and bearing them along with it ; while the hard 
particles of rock set in its lower surface have 
been polishing and fasliioning the whole surface 
over which it extended. As it now melts, it drops 
its various burdens on the ground ; boulders are 
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the milestones marking the different stages of 
its journey, the terminal and lateral moraines 
are the framework which it erected ai'ound itself 
W it moved forward, and which define its boun- 
daries centuries after it has vanished, while the 
ficratches and furrows it has left on the surface 
below show the direction of its motion. 

All the materials which reach the bottom of 
the glacier, and are moving tmder its weight, 
80 far as they are not firmly set in the ice, must 
be pressed against one another, as well as against 
the rocky bottom, and will be rounded off, pol- 
ished, and scratched, like the rock itself over 
which they pass. The pebbles or stones set fast 
in the ice will be thus polished and scratched, 
however, only over the surface exposed ; hut, aa 
they may sometimes move in tlieir socket, like 
a loosely mounted stone, the different surfaces 
may in turn undergo this process, and in the 
end all the loose materials under a glacier become 
more or less polished, scratched, and grooved, 
These marks exhibit also the peculiarity so char- 

iteristic of the gi'ooves and scratches on the 
and walls of the valley ; they are rectilinear, 

mding in the direction in which tlic superin- 
cumbent mass advances, though, of course, owing 
to the changes in the position of the pebbles or 
boulders, they may cross each other in every 
jction on tlieir surface. 
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As the large materials are pressed onward with 
the finer ones, that is, with the sand, gravel, and 
mud accumulated at the bottom of the glacier, 
the component parts of this underlying bed of 
debris will be mixed together without any refer- 
ence to their size or weight. The softest mud 
and finest sand may be in inimediate contact 
with the bottom of the valley, while larger rocks 
and pebbles may be held in the ice above; or 
their position may be reversed, and the coarser 
materials may rest below, while the finer ones 
are pressed between them or overlying them. 
In short, the whole accumulation of loose debris 
under the glacier, resulting from the trituration 
of all kinds of angular fi'agments reaching the 
lower surface of the ice, presents a sort of paste, 
in which coarser and ligliter materials are im- 
pacted without reference to bulk or weight. Those 
fragments which are most polished, rounded, 
grooved, or scratched, have travelled longest 
under the glacier, and are derived from the hard- 
est rocks, which have resisted the general crush- 
ing and pounding for a longer time. The masses 
of rock on the upper surface of the glacier, on 
the contrary, are carried along on its back with- 
out undergoing any such friction. Lying side by 
side, or one above another, without being subject 
to pressure from the ice, they retain, both in the 
lateral and medial moraines, and even in the 
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terminal moraines, their original size, their rough 
surfaces, and their angular form. Whenever, 
therefore, a glacier melts, it is evident that the 
lower materials will be found covered by the 
angular surface-materials now brought into im- 
mediate contact with the former in consequence 
of the disappearance of the intervening ice. The* 
most careful observations and surveys have shown 
this everywhere to be the case ; wherever a large 
tract of glacier has disappeared, the moraines, 
with their large angular boulders, are foimd rest- 
ing upon this bottom layer of rounded materials, 
scattered through a paste of mud and sand. 

We shall see hereafter how far we can follow 
these traces, and what they tell us of the past 
history of glaciers, and of the changes the cli- 
mates of our globe have undergone. 



THE END. 
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